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ANTIBODIES AND FUSION PROTEINS 
THAT INCLUDE ENGINEERED CONSTANT REGIONS 

RELATED CASES 

This application claims priority to U.S. Provisional Applications 60/475,202 and 
60/563,500 filed May 30, 2003 and April 19, 2004, respectively, the entire disclosures of 
which are incorporated herein by this reference. 
BACKGROUND 

1 . Technical Field 

The present disclosure relates to the field of genetically engineered antibodies 
and fusion proteins. More specifically this disclosure relates to antibodies and/or fusion 
proteins containing a region that includes an lgG2-derived portion and an lgG4-derived 
portion. 

2. Background of Related Art 

Antibodies are produced by B lymphocytes and defend against infections. The 
basic structure of an antibody consists of two identical light polypeptide chains and two 
identical heavy polypeptide chains linked together by disulphide bonds. The first 
domain located at the amino terminus of each chain is variable in amino acid sequence, 
providing the vast spectrum of antibody binding specificities found in each individual. 
These are known as variable heavy (VH) and variable light (VL) regions. The other 
domains of each chain are relatively invariant in amino acid sequence and are known as 
constant heavy (CH) and constant light (CL) regions. The major classes of antibodies 
are IgA, IgD, IgE, IgG and IgM; and these classes may be further divided into 
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subclasses (isotypes). For example, the IgG class has four subclasses, namely, lgG1 , 
lgG2, lgG3, and lgG4. Of the various human antibody classes, only human lgG1, lgG2, 
lgG3 and IgM are known to effectively activate the complement system. 

The differences between antibody classes are derived from differences in the 
heavy chains. Class switching is known to occur during antibody maturation. The basic 
antibody molecule is a bifunctional structure wherein the variable regions bind antigen 
while the remaining constant regions elicit certain effector functions. The hinge region 
is particularly sensitive to proteolytic cleavage; such proteolysis yields two or three 
fragments depending on the precise site of cleavage^ The hinge region allows the 
antigen binding regions (each made up of a light chain and the first two domains of a 
heavy chain) to move or rotate freely relative to the rest of the antibody, which includes 
the remaining heavy chain domains. Although the constant regions do not form the 
antigen binding sites, the arrangement of the constant domains and hinge region confer 
segmental flexibility on the molecule which allows it to bind with the antigen. 

The interaction between the antigen and the antibody takes place by the 
formation of multiple bonds and attractive forces such as hydrogen bonds, electrostatic 
forces and Van der Waals forces. Together these form considerable binding energy 

* 

which allows the antibody to bind the antigen. Antibody binding affinity and avidity have 
been found to affect the physiological and pathological properties of antibodies. 

The advent of genetic engineering technology has led to various means of 
producing unlimited quantities of uniform antibodies (monoclonal antibodies) which, 
depending upon the isotype, exhibit varying degrees of effector function. For example, 

■ 

certain murine isotypes (lgG1, lgG2) as well as human isotypes (particularly lgG1) Gan 
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bind to Fc receptors on cells such as monocytes, B cells and NK cells, thereby 
activating the cells to release cytokines; such antibody isotypes are also potent in 
activating complement, with local or systemic inflammatory consequences. When 
antibodies bearing these Fc receptor-binding constant regions are injected in vivo, a 
transient but significant systemic release of tumor necrosis factor alpha (TNF-a), 
interferon gamma (IFN-y), interleukin 2 (IL-2) and/or other cytokines may be released as 
a consequence of activation of multiple cell types including lymphocytes or monocytes 
through Fc receptor-antibody engagement. The release of cytokines is usually 
accompanied by high fever, chills and headache, but less frequently may progress to 
more severe and potentially life-threatening symptoms, such as pulmonary edema, 
meningitis, neurotoxicity, hypotension and respiratory distress (cytokine release 
syndrome or CRS). The murine antibody OKT3 is one antibody that has been observed 
to cause significant cytokine release leading to CRS. The human CD3 moiety consists 
of at least four invariant polypeptide chains, which are non-covalently associated with 
the T cell receptors (TCR) on the surface of T-cells, typically referred to as the T cell 
receptor complex. The T cell receptor complex plays an important role in the T-cell 
activation upon antigen binding to the T cell receptor. Some anti-CD3 antibodies, such 
as OKT3, can activate T-cells in the absence of antigen-TCR ligation. Such activation 
depends upon the interaction between the Fc portion of the mAb and the Fc receptors 
on accessory cells, enabling crosslinking of CD3 complexes on the T-cells. Soluble 
anti-CD3 mAbs do not stimulate T-cells to proliferate in vitro unless they are bound to 
plastic (which artificially promotes CD3 cross-linking) or bound to Fc receptor- bearing 
cells. 
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It would be desirable to reduce antibody-mediated cell activation events such as, 
for example, cytokine release in settings where these events are not warranted and/or 
harmful. Numerous laboratories have attempted to reduce the negative effects 
associated with potent effector function, such as that observed with OKT3, by 
engineering antibodies with different constant regions that exhibit features such as 
reduced Fc receptor binding, lack of complement activation, etc. 

Therefore it is an object herein to reduce effector function in engineered 
antibodies through the incorporation of unique constant regions. 

SUMMARY 

Recombinant antibodies having engineered heavy chain constant regions are 
described herein. The engineered constant regions include an lgG2-derived portion 
and an lgG4-derived portion. Preferably, the lgG2-derived portion includes at least the 
heavy chain constant region 1 and hinge region and the lgG4-derived portion includes 
most of the heavy chain constant region 2 and the entire heavy chain constant region 3. 
Antibodies that bind cell surface molecules or soluble molecules that bind to cell 
surface molecules having an engineered heavy chain constant region in accordance 
with this disclosure, reduce unwanted antibody-mediated cell activation and 
inflammatory events (including reduced complement activation) resulting from Fc- 
receptor antibody engagement. 

In another aspect, this disclosure relates to a process for producing an antibody 
heavy chain which includes the steps of: (a) producing an expression vector having a 
DNA sequence which includes a sequence that encodes an antibody heavy chain 
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containing a variable region and a constant region; (b) having said constant region 
comprised of a first portion derived from one or more human lgG2 antibodies and a 
second portion derived from one or more human lgG4 antibodies; (c) transfecting a host 
cell with the vector; and (d) culturing the transfected cell line to produce an engineered 
antibody heavy chain molecule which associates with antibody light chains to produce a 
functional antibody molecule. 

In another aspect, this disclosure relates to methods for reducing antibody- 
mediated cell activation and inflammatory events through binding cell surface molecules 
or soluble molecules that bind to cell surface molecules using antibodies having an 
engineered heavy chain constant region having a first portion derived from one or more 
human lgG2 antibodies and a second portion derived from one or more human lgG4 
antibodies, associated with light chains to produce a functional antibody molecule. 

In another embodiment, an engineered constant region that includes an lgG2- 
derived portion and an lgG4-derived portion in accordance with this disclosure is used 
as the Fc region of a fusion protein. The fusion proteins include a non-Fc component 
fused to an Fc region that is engineered to include an lgG2-derived portion and an 
lgG4-derived portion. Preferably, the lgG2-derived portion includes at least the heavy 
chain constant region 1 and hinge region and the lgG4-derived portion includes most of 
the heavy chain constant region 2 and the entire heavy chain constant region 3. 
• Preferably the fusion proteins in accordance with this disclosure maintain the function of ■ 
the non-Fc component and/or have increased half-life compared to the non-Fc 
component alone and/or lack unwanted antibody Fc-mediated cell activating and 
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inflammatory properties including events resulting from Fc-receptor antibody 
engagement and complement activation. 

« 

Recombinant DNA molecules encoding such fusion proteins are also provided. 
Upon heterologous expression in transfected mammalian cells, the fusion proteins are 
potently secreted in stable form, and display desired properties characteristic of the 
antibody and non-Fc component predecessor molecules. These fusion proteins can be 
used in applications conventionally associated with monoclonal antibodies, including 
flow cytometry, immunohisto-chemistry, cell-based assays and immunoprecipitation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 A, B, and C schematically shows examples of a chimeric (FIG. 1 A), 
humanized (FIG. 1B) or fully human (FIG. 1C) recombinant antibody, respectively, 
having an engineered heavy chain constant region in accordance with this disclosure. 

Figure 2 shows the amino acid sequence (SEQ ID NO: 1 ) of an engineered 
heavy chain constant region in accordance with this disclosure and.the nucleotide 
sequence (SEQ ID NO: 2) that encodes that engineered heavy chain constant region. 

Figures 3A and 3B show the human lgG2 (GenBank Accession ^number V00554), 
and human lgG4 (GenBank Accession number K01316) amino acid and nucleic acid 
sequences, respectively. Figure 3C shows a schematic map of the plasmid pBR322 
(GenBank Accession number J01 749).; 

Figure 4A shows a graphic map of the vector APEX-1 3F4V H HuGamma4. Figure 
4B shows the complete nucleotide sequence of the vector (SEQ ID NO: 3) and indicates 
the amino acid (SEQ ID NO: 4) and nucleotide sequences of the hlgG4 insert adjacent 
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to an irrelevant VH region (labeled 3F4VH). The locations of the signal sequence, CH1, 
hinge, CH2 and CH3 regions are indicated. 

Figure 5A shows a graphic map of the vector APEX-1 3F4V H HuG2/G4. Figure 
5B shows the nucleotide sequence of the vector (SEQ ID NO: 5) and the amino acid 
(SEQ ID NO: 6) and nucleic acid sequence of the G2/G4 insert, and indicates the 
locations of the signal sequence, irrelevant Vh (herein labeled 3F4Vh), CH1, hinge, 
CH2 and CH3 regions. 

Figure 6 shows the complete nucleotide and amino acid sequence of the OKT3 
heavy chain variable region (GenBank Accession number A22261 ). 

Figure 7 shows the complete nucleotide and amino acid sequence of the OKT3 
light chain variable region (GenBank Accession number A22259). 

Figure 8 shows the complete nucleotide (SEQ ID NO: 7) and amino acid (SEQ ID 
NO:8) sequences of the murine OKT3 heavy chain variable region, constructed using 
Expression Strategy #1 , and including the murine immunoglobulin promoter, a murine 
signal sequence with intron at the 5' ends, and a splice donor site (Bam HI) at the 3' 
ends. Restriction enzyme sites are indicated. 

Figure 9 shows the complete nucleotide (SEQ ID NO: 9) and amino kc\d (SEQ ID 
NO:10) sequences of the murine OKT3 light chain variable region, constructed using 
Expression Strategy #1 , and including the murine immunoglobulin promoter, a murine 
signal sequence with intron at the 5' ends, and a splice donor site (Bam HI) at the 3' 
ends. Restriction enzyme sites are indicated. 

Figure 10 shows the complete nucleotide sequence (SEQ ID NO: 11).of the 
HuG2/G4 fragment excised from the APEX-1 3F4V H HuG2/G4 vector and modified for 
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insertion into a PUC 19 cloning vector by the addition, at the 5' end, of a Bam HI site 
and 5' untranslated inron sequences from native human lgG4 and, at the 3' end, of a 
Bgl II site and 3' untranslated sequence from natural human lgG4. 

Figure 11 shows a graphic map of the heavy chain expression vector 
pSVgptHuG2/G4 used in Expression System #1 . 

Figure 12 shows a graphic map of the expression vector pSVgptHuCk used in 
Expression System #1 . 

Figures 13 A, B, and C show the nucleotide (SEQ ID NO: 12) and amino acid 
(SEQ ID NO: 13) sequences of the OKT3 heavy chain variable region and huG2/G4 
constant region constructed using Expression Strategy #2. The construct lacks the 5' 
leader intron and employs the original OKT3 signal sequence (indicated). Restriction 
enzyme sites are also indicated. 

Figures 14 A-D show the entire nucleic acid sequence of the APEX-3P G2/G4 
expression vector used in Expression System #2 (SEQ ID NO: 14) , including the amino 
acid sequence (SEQ ID NO: 15) of the G2/G4 insert and indicated restriction sites. 

Figures 15 A and B show the entire nucleic acid sequence of the expression 
vector APEX-3PmOKT3VhG2G4 (SEQ ID NO: 16), used in Expression System #2, 
including the amino acid sequence (SEQ ID NO: 17) of the OKT3 variable heavy region 
and G2/G4 insert. Restriction enzyme sites are indicated. 

Figures 16 A -F show the entire nucleic acid sequence of PUC19 (SEQ ID NO: 
18) and the amino acid sequence (SEQ ID NO: 19) of the OKT3Vk and human Ck 
expression cassettes used in Expression System #2. Restriction enzyme sites are 
indicated. 
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Figure 17 shows the entire nucleic acid sequence of the shuttle vector, LITMUS 
28 (SEQ ID NO: 20), and the amino acid sequences of the OKT3VkhCk insert (SEQ ID 
NO: 21) used in Expression System #2. 

Figures 1 8 A and B show the entire nucleic acid sequence of APEX-3 
OKT3Vk+Ck (SEQ ID NO: 22) and the amino acid sequences of the OKT3Vk and Ck 
insert (SEQ ID NO: 23) used in Expression System #2. Restriction enzyme sites are 
indicated. 

Figures 19 A and B show the results of tests evaluating the ability of an antibody 
containing the G2/G4 heavy chain constant region to bind to the FcyRI receptor on 
U937 cells. 

Figure 20 shows the results of tests evaluating the ability of an antibody 
containing the G2/G4 heavy chain constant region to bind to the FcyRI I receptor on 
K562 cells. 

Figure 21 shows the results of tests designed to evaluate the ability of an 
antibody containing the G2/G4 heavy chain constant region to induce cytokine 
production in human PBL 

Figure 22 shows the results of tests designed to evaluate the ability of an ^ 
antibody containing the G2/G4 heavy chain constant region to induce the upregulation 
of activation markers on human T cells. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Recombinant antibodies are described with engineered heavy chain constant 
regions that serve to reduce antibody-mediated cell activation and inflammation events 
resulting from antibody-Fc receptor interactions. The engineered heavy chain constant 
region includes a portion derived from one or more human antibodies of the lgG2 sub- 
class and a portion derived from one or more human antibodies of the lgG4 sub-class. 
As those skilled in the art will appreciate, an antibody heavy chain includes a variable 
region and a constant region. The heavy chain constant region includes the heavy 
chain constant region 1 (CH1), hinge region, heavy chain constant region 2 (CH2) and 
heavy chain constant region 3 (CH3). At least a portion of one of the CH1 , hinge 
region, CH2 or CH3 are derived from a human lgG2 antibody in the present engineered 
heavy chains, with at least a portion of the balance of the engineered heavy chain being 
derived from a human lgG4 antibody. Preferably, the entire engineered heavy chain is 
derived from a combination of human lgG2 and lgG4 portions. 

It should be understood that two or more, non-contiguous portions of the heavy 
chain constant region can be derived from an lgG2 antibody. In such circumstances, 
the portions can be derived from the same or from different antibodies (i.e. those with 
different allotypes) within the lgG2 subclass. Likewise, two or more, non-contiguous 
portions of the heavy chain constant region can be derived from an lgG4 antibody (note 
that there is only one known lgG4 allotype). 

In a particularly useful embodiment shown schematically in Figure 1 , the 
engineered heavy chain constant region includes a CH1 and hinge region derived from 
one or more human antibodies of the lgG2 sub-class and CH2 and CH3 regions derived 
primarily from an antibody of the lgG4 sub-class. The engineered antibody can be in 
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the form of a mouse-human chimeric antibody (Figure 1A), a humanized antibody 
(Figure 1B) or a fully human antibody (Figure 1C). 

It should be understood that the portion derived from an lgG2 antibody and the 
portion derived from an lgG4 antibody need not terminate precisely at the junction 
between constant regions and/or the hinge region. For instance, in the working 
examples presented below (see Figure 2), the portion derived from an lgG2 antibody 
extends beyond the hinge region by a few amino acids into the constant region 2, with 
the balance of the heavy chain constant region being the portion derived from an lgG4 
antibody. 

One example of an engineered heavy chain constant region in accordance with 
this disclosure has the sequence shown in Figure 2 (SEQ ID NO: 1 ). Figure 2 also 
shows the nucleotide sequence (SEQ ID NO: 2) that encodes the engineered heavy 
chain constant region. 

The lgG2 and lgG4 portions of the heavy chain constant region are chosen to 
reduce cell interactions that can result in excessive cytokine release, potentially leading 
to cytokine release syndrome (CRS). The engineered heavy chain constant region in 
accordance with the present disclosure also reduces the ability of the antibody to elicit 
inflammatory events such as cell activation, cytokine release and complement 
activation. 

The heavy chain variable region of the antibody is selected for its binding 
specificity and can be of any type, such as, for example, non-human, humanized or fully 
human. Where the heavy chain variable region of the antibody is non-human (such as, 
for example, murine) and is combined recombinantly with an engineered heavy chain 
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constant region in accordance with this disclosure, the resulting recombinant antibody is 
referred to as a chimeric antibody (see Figure 1 A). Where the heavy chain variable 
region of the antibody is humanized and is combined recombinantly with an engineered 
heavy chain constant region in accordance with this disclosure, the resulting 
recombinant antibody is referred to as a humanized antibody (see Figure 1B). Where 
the heavy chain variable region of the antibody is human and is combined 
recombinantly with an engineered heavy chain constant region in accordance with this 
disclosure, the resulting recombinant antibody is referred to as a fully human antibody 
(see Figure 1C). In the embodiment shown in Figure 1 B, the variable region of the 
heavy chain is humanized and includes human framework regions and non-human (in 
this case murine) complementary determining regions (CDRs). It should be understood 
that the framework regions can be derived from one source or more than one source 
and that the CDRs can be derived from one source or more than one source. Methods 
for humanization of antibodies are known to those skilled in the art and are disclosed, 
for example, in U.S. Patent Nos. 6,479,284; 6,407,213; 6,350,861; 6,180,370; 
6,548,640; and commonly owned, pending U.S. Patent Application Serial No. PCT/US 
02/ 38450, Filed December 3, 2002. The disclosures of each of these patents and 
patent applications are incorporated herein in their entirety by this reference. 

The light chain of the antibody can be human, non-human or humanized. In the 
embodiment shown in Figure 1B, the light chain is humanized and includes human 
framework regions, non-human (in this case murine) CDRs and a human constant 
region. It should be understood that the framework regions can be derived from one 
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source or more than one source and that the CDRs can be derived from one source or 
more than one source. 

The antibody containing the engineered heavy chain constant region is selected 
based on its ability to bind to a cell surface molecule or a soluble molecule that binds to 
a cell surface molecule. Thus, for example, the antibody can be selected based on its 
ability to bind cell surface molecules such as cytokine receptors (e.g., IL-2R, TNF-aR, 
IL-15R, etc.); adhesion molecules (e.g., E-selectin, P-selectin, L-selectin, VCAM, ICAM, 
etc.); cell differentiation or activation antigens (e.g., CD3, CD4, CD8, CD20, CD25, 
CD40, etc.), and others. Alternatively, the antibody can be selected based on its ability 
to bind a soluble molecule that binds to cell surface molecules. Such soluble molecules 
include, but are not limited to, cytokines and chemokines (e.g., interleukin-1 (IL-1), IL-2, 
IL-3, IL-5, IL-6, etc.); growth factors (e.g., EGF, PGDF, GM-CSF, HGF, IGF, etc.); 
molecules inducing cell differentiation (e.g., EPO, TPO, SCF, PTN, etc.), and others. 

The term "antibody" as used herein includes whole antibodies and antibody 
fragments that include at least two of CH1 , hinge region, CH2 or CH3. Whole 
monoclonal antibodies are preferred. 

in general, the construction of the antibodies disclosed herein is achieved by , 
using recognized manipulations utilized in genetic engineering technology. For example, 
techniques for isolating DNA, making and selecting vectors for expressing the DNA, 
purifying and analyzing nucleic acids, specific methods for making recombinant vector 
DNA, cleaving DNA with restriction enzymes, ligating DNA, introducing DNA including 
vector DNA into host cells by stable or transient means, culturing the host cells in 
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selective or non-selective media to select and maintain cells that express DNA, are 
generally known in the field. 

The monoclonal antibodies disclosed herein may be derived using the hybridoma 
method (Kohler et al., Nature, 256:495, 1975), or other recombinant DNA methods well 
known in the art. In the hybridoma method, a mouse or other appropriate host animal is 
immunized with a protein which elicits the production of antibodies by the lymphocytes. 
Alternatively, lymphocytes may be immunized in vitro. The lymphocytes produced in 
response to the antigen are then are fused with myeloma cells using a suitable fusing 
agent, such as polyethylene glycol, to form a hybridoma cell (Goding, Monoclonal 
Antibodies: Principles and Practice, pp.59-103 (Academic Press, 1986)). The hybridoma 
cells are then seeded and grown in a suitable culture medium that preferably contains 
one or more substances that iphibit the growth or survival of the unfused, parental 
myeloma cells. Preferred myeloma cells are those that fuse efficiently, support stable 
production of antibody by the selected antibody-producing cells, and are not sensitive to 
a medium such as HAT medium (Sigma Chemical Company, St. Louis, Mo., Catalog 
No. H-0262). Among these, preferred myeloma cell lines are murine myeloma lines, 
such as those derived from MOPC-21 and MPC-1 1 mouse tumors available from the 
Salk Institute Cell Distribution Center, San Diego, Calif. USA, and SP-20, NS0 or X63- 
Ag8-653 cells available from the American Type Culture Collection, Rockville, Md. USA. 

The hybridoma cells are grown in a selective culture medium (e.g ; , HAT) and 
surviving cells expanded and assayed for production of monoclonal antibodies directed 
against the antigen. The binding specificity of monoclonal antibodies produced by 
hybridoma cells may be determined by assays such as immunoprecipitation, 
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radioimmunoassay (RIA), flow cytometry, cell activation assays or enzyme-linked 
immunoabsorbent assay (ELISA). 

After hybridoma cells are identified that produce antibodies of the desired 
specificity, affinity, and/or activity, the clones may be subcloned by limiting dilution 
procedures and grown by standard methods (Goding, Monoclonal Antibodies: Principles 
and Practice, pp.59-103 (Academic Press, 1986)). In addition, the hybridoma cells may 
be grown in vivo as ascites tumors in an animal. The monoclonal antibodies secreted by 
the subclones are suitably separated from the culture medium, ascites fluid, or serum by 
conventional immunoglobulin purification procedures such as, for example, protein A- 
Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, or affinity 
chromatography. DNA encoding the monoclonal antibodies is readily isolated and 
sequenced using conventional procedures (e.g., by using oligonucleotide probes that 
are capable of binding specifically to genes encoding the heavy and light chains of the 
monoclonal antibodies). The hybridoma cells serve as a preferred source of such DMA. 

i 

Once isolated, the DNA may be placed into expression vectors, which are then 
transfected into host cells such as E. coli cells, or mammalian cells that do not 
otherwise produce immunoglobulin proteins, to obtain the synthesis of monoclonal 
antibodies in the recombinant host cells. Antibodies or antibody fragments can also be 
isolated from antibody phage libraries generated using the techniques described in 
McCafferty et al., Nature, 348:552-554 (1990). Other publications have described the 
production of high affinity (nM range) human antibodies by chain shuffling (Marks et al., 
Bio/Technology, 10:779-783 (1992)), as well as combinatorial infection and in vivo 
recombination as a strategy for constructing very large phage libraries (Waterhouse et 
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al., Nuc. Acids. Res., 21:2265-2266 (1993)). Thus, these techniques are viable 
alternatives to traditional monoclonal antibody hybridoma techniques for isolation of 
monoclonal antibodies. 

The antibodies described herein are then modified by combining the coding 
sequence for the present engineered lgG2/lgG4-derived human heavy-chain constant 
domains with the coding sequence for a heavy chain variable domain. Where the 
present recombinant antibody is based on a particular murine antibody, for example, an 
engineered heavy chain constant region in accordance with this disclosure can be 
substituted in place of the homologous murine sequences. Alternatively, a functional 
antibody fragment can be identified (e.g., through the panning of a human phage library, 
an scFv library or a Fab library) onto which the present engineered lgG2/lgG4-derived 
human heavy-chain constant domains can be engineered. 

In another aspect, this disclosure provides recombinant expression vectors which 
include the synthetic, genomic or cDNA-derived nucleic acid fragments necessary to 
produce the engineered heavy chain constant region. The nucleotide sequence coding 
for any of the engineered heavy chain constant regions or antibodies containing the 
engineered heavy chain constant regions in accordance with this disclosure can be 
inserted into an appropriate vector which contains the necessary elements for the 
transcription and translation of the inserted protein-coding sequence. Any suitable host 
cell vector may be used for expression of the DNA sequences coding for the chimeric or 
CDR-grafted heavy and light chains. Bacterial (e.g. E.coli) and other microbial systems 
may be used. Eukaryotic (e.g. mammalian) host cell expression systems may also be 
used to obtain antibodies of the present invention. Suitable mammalian host cell 
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include COS cells and CHO cells (Bebbington C R (1991) Methods 2 136-145); and 
myeloma or hybridoma cell lines (for example NSO cells (Bebbington, et al„ Bio 
Technology, 10: 169-175 (1992)). 

■ 

The antibodies containing the engineered heavy chain constant region can also 
be used as separately administered compositions given in conjunction with therapeutic 
agents. For diagnostic purposes, the antibodies may either be labeled or unlabeled. 
Unlabeled antibodies can be used in combination with other labeled antibodies (second 
antibodies) that are reactive with the engineered antibody, such as antibodies specific 
for human immunoglobulin constant regions. Alternatively, the antibodies can be directly 
labeled. A wide variety of labels may be employed, such as radionuclides, fluors, 
enzymes, enzyme substrates, enzyme co-factors, enzyme inhibitors, ligands 
(particularly haptens), etc. Numerous types of immunoassays are available and are well 
known to those skilled in the art. 

The present engineered antibodies can be administered to a patient in a composition 
comprising a pharmaceutical carrier. A pharmaceutical carrier can be any compatible, non- 
toxic substance suitable for delivery of the antibodies to the patient. Sterile water, alcohol, 
fats, waxes, and inert solids may be included in the carrier. Pharmaceutical^ accepted 
adjuvants (buffering agents, dispersing agent) may also be incorporated into the 
pharmaceutical composition. 

The antibody compositions may be administered to a patient in a variety of ways. 
Preferably, the pharmaceutical compositions may be administered parenterally, e.g., 
subcutaneously, intramuscularly or intravenously. Thus, compositions for parental 
administration may include a solution of the antibody, antibody fragment or a cocktail 
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thereof dissolved in an acceptable carrier, preferably an aqueous carrier. A variety of 
aqueous carriers can be used, e.g., water, buffered water, 0.4%. saline, 0.3% glycine , etc. 
These solutions are sterile and generally free of particulate matter. These compositions 
may be sterilized by conventional, well known sterilization techniques. The compositions 
may contain pharmaceutically acceptable auxiliary substances as required to approximate 
physiological conditions such as pH adjusting and buffering agents, toxicity adjusting 
agents and the like, for example sodium acetate, sodium chloride, potassium chloride, 
calcium chloride, sodium lactate, etc. The concentration of antibody or antibody fragment 
in these formulations can vary widely, e.g., from less than about 0.5%, usually at or at least 
about 1 % to as much as 15 or 20% by weight and will be selected primarily based on fluid 
volumes, viscosities, etc., in accordance with the particular mode of administration 
selected. 

Actual methods for preparing parenterally administrable compositions and 
adjustments necessary for administration to subjects will be known or apparent to those 
skilled in the art and are described in more detail in, for example, Remington's 
Pharmaceutical Science, 17 th Ed., Mack Publishing Company, Easton, Pa (1985), which is 
incorporated herein by reference. 

In another embodiment the present disclosure provides fusion proteins that 
include a non-Fc component fused to an Fc region that is engineered to include an 
lgG2-derived portion and an lgG4-derived portion. The Fc region can be an engineered 
constant region in accordance with any of the various embodiments described above 
with respect to antibodies. The Fc region can include all or any portion of a CM, hinge, 
CH2 and CH3 domain, provided that the Fc region includes at least one lgG2-derived 
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portion and at least one lgG4-derived portion. Preferably, the lgG2-derived portion 
includes at least the heavy chain constant region 1 and hinge region and the lgG4- 
derived portion includes most of the heavy chain constant region 2 and the entire heavy 
chain constant region 3. A linker may optionally be provided between the non-Fc 
component and the Fc region. The linker, when present, can be from 3 to 25 amino 
acids long. In particularly useful embodiments, the linker assists in maintaining proper 
folding and therefore function of the non-Fc component. 

Preferably the fusion proteins in accordance with this disclosure maintain the 
function of the non-Fc portion of the protein and/or have increased half-life compared to 
the non-Fc portion alone. In addition, the fusion proteins in accordance with this 
disclosure preferably lack unwanted antibody Fc-mediated cell activating and 
inflammatory properties including events resulting from Fc-receptor antibody 
engagement and complement activation. Also, the fusion 'proteins in accordance with 
certain embodiments of this disclosure which include the hinge region have the ability to 
form disulfide bonds with other fusion protein molecules, thereby resulting in dimer 
formation which may increase the avidity of the non-Fc portion for the molecule to which 

\ 

it binds. 

Fusion proteins in accordance with this disclosure may be readily secreted in 
stable form by mammalian cells transfected with DNA that codes for the molecule. In 
addition, they are amenable to rapid, efficient purification to homogeneity, for example, 
using protein A. Because these molecules therefore are obtainable in a commercially 
useful amount and form, they are advantageous substitutes for monoclonal antibodies 
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in contexts such as flow cytometry, immunohistochemistry, immunoprecipitation, cell- 
based assays and enzyme-linked immunoadsorbant assays (ELISAs). 

Any peptide or protein that exhibits a useful property is suitable for use as the 
non-Fc component to be combined with the present engineered antibody constant 
region to prepare the fusion protein. Peptide or protein activities and uses include, but 
are not limited to, serving as a protein agonist or antagonist, binding a receptor, binding 
a membrane bound surface molecule, binding a soluble protein, binding a ligand, 
binding an enzyme or structural protein, activating or inhibiting a receptor, targeted drug 
delivery, or any enzymatic activity. Those peptides or proteins whose utility can be 
increased from the enhanced stability and half-life conferred upon them when presented 
imcombination with an Fc domain are usually selected. It should be understood that 
"biological activity" as used herein includes any activity associated with a molecule 
having activity in a biological system, including, but not limited to, the stimulatory or 
inhibitory activity triggered by protein-protein interactions as well as the kinetics 
surrounding such interactions including the stability of a protein-protein complex. Thus, 
non-limiting examples of molecules suitable for use as the non-Fc component include 
cytokines, hormones, enzymes, ligands, growth factors, receptors and antibody 
fragments. 

Suitable non-Fc components suitable for use in preparing the present fusion 
proteins include: peptides that bind to receptors which are activated by ligand-induced 
homo-dimerization including active fragments displaying G-CSF activity, GHR activity 
and prolactin activity as described in Whitty and Borysenko, Chem Biol., (1999) Apr 
6(4):R107-18; other examples of suitable peptides include a nerve growth factor 
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mimetic from the CD loop as described in Zaccaro et at., Med. Chem. (2000) 43(19); 
3530-40; an IL-2 mimetic as described in Eckenberg, et al., J. Immunol. (2000) 
165(8):4312-8; glucogon-like peptide-1 as described in Evans et al., Drugs R.D. (1999) 
2(2): 75-94; tetrapeptide I (D-lysine-L-asparaginyl-L-prolyl-L-tyrosine) which stimulates 
mitogen activated B cell proliferation as described in Gagnon et al., Vaccine (2000) 
18(1 8): 1886-92; the binding domain of human cytotoxic T-lymphocyte-associated 
antigen 4. Peptides which exhibit receptor antagonistic activity are also contemplated. 
For example, N-terminal peptide of vMIP-ll as an antagonist of CXCR4 for HIV therapy 
as described in Luo et al., Biochemistry (2000) 39(44): 13545-50; antagonist peptide 
ligand (AFLARAA) of the thrombin receptor for antithrombotic therapy as described in 
Pakalaetal., Thromb. Res. (2000) 100(1): 89-96; peptide CGRP receptor antagonist 
CGRP (8-37) for attenuating tolerance to narcotics as described in Powell et al., Sr. J. 
Pharmacol. (2000) 131(5): 875-84; parathyroid hormone (PTH)-1 receptor antagonist 
known as tuberoinfundibular peptide (7-39) as described in Hoare et al., J. Pharmacol. 
Exp. Ther. (2000) 295(2):761-70; opioid growth factor as described in Zagon et al., Int. 

•r 

J. Oncol. (2000) 17(5): 1053-61; high affinity type I interleukin 1 receptor antagonists as 

\ 

disclosed in Yanofsky, et al., Proc. Natl. Acad. Sci. USA, Vol. 93, pp. 7381-7386, July 
1996 and Vigers, et al., J. Biol. Chem., Vol 275, No 47, pages 36927-36933, 2000; and 
acid fibroblast growth factor binding peptide as described in Fan et al., IUBMB Life 
(2000) 49 (6) 545-48. Further examples of biologically active peptides which can be 
fused with a Fc region in accordance with this disclosure include proteins secreted by 
the heart as part of the body's response to congestive heart failure, such as, for 
example, human brain natriuretic peptide (hBNP) as described in Mukoyama, et al., J. 
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Clin. Invest. 87(4): 1402-12 (1991) and Clemens, et al., J. Pharmacol. Exp. Ther. 
287(1): 67-71(1998). Additional examples of biologically acti.e peptides which can be 
used in accordance with this disclosure include proteins which have the potential to 
preserve or improve beta-cell function (e.g., by inducing glucose-dependent 
insulinotropic effect), such as, for example, exendin-4, GLP-1 (7-36), GPL-2 (1-34), 
glucagons or PACAP-38 (see, Raufman, et al., J. Biol. Chem. 267(30): 21432-7 (1992). 
It should also be understood that antibody fragments can also be employed as the non- 

■ 

Fc component of the fusion protein. Thus, for example, the non-Fc component can be 
an sc-Fv, F(ab) or F(ab) 1 2 . As another example, the non-Fc component can be an 
antibody variable region into which a mimetic peptide has been inserted into or in place 
of one or more CDR regions as described in WO 02/46238A2, the disclosure of which is 
incorporated herein in its entirety by this reference. 

* Thus, for example, the non-Fc component used to make the fusion protein can 
be a growth factor. Examples of growth factors include platelet-derived growth factor 
(PDGF), keratinocyte growth factor (KGF), epidermal growth factor (EGF), vascular 
endothelial growth factor (VEGF), insulin, nerve growth factor (NGF), insulin-like growth 
factor (IGF), transforming growth factor (TGF), hepatic growth factor (HGF), fibroblast 
growth factor (FGF), the product of the Wnt-2 proto-oncogne (wnt-2). Aaronson, supra; 
Norman et al., HORMONES, pp. 719-748 (Academic Press 1987). Also, see generally, 
Heath (ed.), GROWTH FACTORS, IRL Press (1990). 

I. PRODUCTION OF FUSION PROTEINS 
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A. Construction of Fusion Protein Expression Vectors 

Any technique within the purview of those skilled in the art can be used to 
produce fusion proteins which comprise an lgG2-derived portion and an lgG4-derived 
portion and a non-Fc portion. Suitable techniques include, but are not limited to those 
methods disclosed in U.S. Patent Nos. 5,670,625; 5,726,044; and 6,403,769. In one 
such technique, where the fusion protein is secreted in stable form by mammalian cells, 
DNA sequences coding for the fusion protein are subcloned into an expression vector 
which is used to transfect mammalian cells. General techniques for producing fusion 
proteins comprising antibody sequences are described in Coligan et al. (eds.) f 
CURRENT PROTOCOLS IN IMMUNOLOGY, at pp. 10.19.1-10.19.1 1 (Wiley 
Interscience 1992), the contents of which are hereby incorporated by reference. See 
also METHODS: A COMPANION TO METHODS IN ENZYMOLOGY, Volume 2 (No. 2), 
Academic Press (1991), and ANTIBODY ENGINEERING: A PRACTICAL GUIDE, W. H. 
Freeman and Company (1992), in which commentary relevant to production of fusion 
proteins is dispersed throughout the respective texts. The present methods are not 
limited to any particular method of expression. Expression thus can be achieved using 
eukaryotic (e.g., mammalian, insect) or prokaryotic (e.g., bacteria) cells, and the fusion 
proteins can be secreted by the cells or recovered from periplasm or inclusion bodies 
within the cells. 

Thus, one of the steps in the construction of fusion proteins is to subclone 
portions of the fusion proteins into cloning vectors. In this context, a "cloning vector" is a 
DNA molecule, such as a plasmid, cosmid or bacteriophage, that can replicate 
autonomously in a host prokaryotic cell. Cloning vectors typically contain one or a small 
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number of restriction endonuclease recognition sites at which foreign DNA sequences 
can be inserted in a determinable fashion without loss of an essential biological function 
of the vector, as well as a marker gene-that is suitable for use in the identification and 
selection of cells transformed with the cloning vector. Marker genes typically include 
genes that provide tetracycline resistance or ampicillin resistance. Suitable cloning 
vectors are described by Sambrook et al. (eds.), MOLECULAR CLONING: A 
LABORATORY MANUAL, Second Edition (Cold Spring Harbor Press 1989) (hereafter 
"Sambrook"); by Ausubel et al. (eds.), CURRENT PROTOCOLS IN MOLECULAR 
BIOLOGY (Wiley Interscience 1987) (hereafter "Ausubel"); and by Brown (ed.), 
MOLECULAR BIOLOGY LABFAX (Academic Press 1991). Suitable cloning vectors are 
commercially available. 

The DNA sequence encoding the Fc region of the fusion protein can be obtained 
using any technique within the purview of those skilled in the art. DNA sequences 
encoding the non-Fc portion of the fusion protein can also be synthesized using 
techniques within the purview of those skilled in the art, such as PCR with RNA isolated 

from cells that produce the non-antibody protein. The DNA can include introns or can be 

' \ 
engineered to remove some or all introns. 

DNA sequences encoding the ndn-Fc component of the fusion protein are 
subcloned in frame with the N-terminus of the Fc region portion of the fusion protein 
Subcloning is performed in accordance with techniques within the purview of those 
skilled in the art, such as the use of restriction enzyme digestion to provide appropriate 
termini, the use of alkaline phosphatase treatment to avoid undesirable joining of DNA 
molecules, and ligation with appropriate ligases. Techniques for such manipulation are 
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described by Sambrook and Ausubel, and are well-known in the art. Techniques for 
amplification of cloned DNA in bacterial hosts and isolation of cloned DNAfrom bacterial 
hosts also are well-known. 

It should, of course be understood that the Fc region can be cloned onto the 
amino terminus of the non-Fc component, if desired. 

The cloned fusion protein is cleaved from the cloning vector'and inserted into an 
expression vector. Suitable expression vectors typically contain (1) prokaryotic DNA 
elements coding for a bacterial replication origin and an antibiotic resistance marker to 
provide for the growth and selection of the expression vector in a bacterial host; (2) 
eukaryotic DNA elements that control initiation of transcription, such as a promoter; and 
(3) DNA elements that control the processing of transcripts, such as a transcription 
termination/polyadenylation sequence. 

A fusion protein in accordance with this disclosure can be expressed in 
eukaryotic cells, such as mammalian, insect and yeast cells. Mammalian cells are 
especially preferred eukaryotic hosts because mammalian cells provide suitable post- 
translational modifications such as glycosylation. Examples of mammalian host cells 

m 

include Chinese hamster ovary cells (CHO-K1 ; ATCC CCL61), rat pituitary cells (GH-i ; 
ATCC CCL82), HeLa S3 cells (ATCC CCL2.2), rat hepatoma cells (H-4-II-E; ATCC 
CRL1548) SV40-transformed monkey kidney cells (COS-1; ATCC CRL 1650) and 
murine embryonic cells (NIH-3T3; ATCC CRL 1658). 

For a mammalian host, the transcriptional and translational regulatory signals 
may be derived from viral sources, such as adenovirus, cytomegalovirus, bovine 
papilloma virus, simian virus, or the like, in which the regulatory signals are associated 
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with a particular gene which has a high level of expression. Suitable transcriptional and 
translational regulatory sequences also can be obtained from mammalian genes, such 
as actin, collagen, myosin, and metallothionein genes. 

Transcriptional regulatory sequences include a promoter region sufficient to 
direct the initiation of RNA synthesis. Suitable eukaryotic promoters include the 
promoter of the mouse metallothionein I gene (Hamer et al., J. Molec. Appl. Genet. 1: 
273 (1982)]; the TK promoter of herpes virus (McKnight, Cell 31 : 355 (1982)); the SV40 
early promoter (Benoist et al., Nature 290: 304 (1981)); the Rous sarcoma virus 
promoter (Gorman et al., Proc. Nat'l Acad. Sci. USA 79: 6777 (1982)); and the 
cytomegalovirus promoter (Foecking et al., Gene 45: 101 (1980)). 

Alternatively, a prokaryotic promoter, such as the bacteriophage T3 RNA 
polymerase promoter, can be used to control fusion gene expression if the prokaryotic 
promoter is regulated by a eukaryotic promoter. Zhou et al., MoL Cell. Biol. 10: 4529 
(1990); Kaufman et al., Nucl. Acids Res. 19: 4485 (1991). 

An expression vector can be introduced into host cells using a variety of 
techniques including calcium phosphate transfection, liposome-mediated transfection, 
electroporation, and the like. Preferably, transfected cells are selected and propagated 
wherein the expression vector is stably integrated in the host cell genome to produce 
stable transformants. Techniques for introducing vectors into eukaryotic cells and 
techniques for selecting stable transformants using a dominant selectable marker are 
described by Sambrook, by Ausubel, by Bebbington, "Expression of Antibody Genes in 
Nonlymphoid Mammalian Cells," in 2 METHODS: A COMPANION TO METHODS IN 
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ENZYMOLOGY 136 (1991), and by Murray (ed.), GENE TRANSFER AND 
EXPRESSION PROTOCOLS (Humana Press 1991). 

Stable transformants that produce a fusion protein can be identified using a 
variety of methods. For example, stable transformants can be screened using an 
antibody that binds either to the non-antibody portion of the fusion protein or to the 
antibody portion of the fusion protein. The use of immunoprecipitation to identify cells is 
a technique well known to those skilled in the art. 

After fusion protein-producing cells have been identified, the cells are cultured 
and fusion proteins are isolated from culture supernatants. Suitable isolation techniques 
include affinity chromatography with Protein-A Sepharose, size-exclusion 
chromatography and ion exchange chromatography. Protein A is a particularly useful 
way to isolate fusion proteins from supernatants. 

Routine assays can be performed to determine whether the non-Fc portion of the 
fusion protein retains it functionality. 

Fusion proteins can be detectably labeled with any appropriate marker moiety, for 
example, a radioisotope, an enzyme, a fluorescent label, a chemiluminescent label, a 
bioluminescent labels or a paramagnetic label. Methods of making and detecting such 
detectably-labeled fusion proteins are well-known to those of ordinary skill in the art. 

In vitro and in situ detection methods may be used to assist in the diagnosis or 
staging of a pathological condition. The present disclosure also contemplates the use of 
fusion proteins for in vivo diagnosis. 
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The fusion proteins in accordance with this disclosure can be formulated into 
pharmaceutical^ acceptable compositions and administered in the manner described 

t' 

above for the antibody embodiments. 

The following examples are intended to illustrate but not limit the invention. 
While they are typical of those that might be used, other procedures known to those 
skilled in the art may alternatively be used. 

EXAMPLE 1 

t 

Anti-CD3 Antibody With an Engineered Heavy Chain Constant Region 

The variable heavy chain of OKT3 was joined through standard recombinant 
DNA methodology to a genomic DNA cassette containing the first heavy chain constant 
region. (CH1), the hinge linker region, and the first few amino acids from the second 
heavy chain constant region(CH2) from human lgG2. Next, a cassette containing the 
balance of the second heavy chain constant region (CH2) and third heavy chain 
constant region (CH3) from human lgG4 was added. The lgG2 hinge region and 
following amino acids were chosen to minimize antibody binding to Fc-gamma receptors 
and the lgG4 regions were chosen to prevent antibody-mediated complement 
activation. * 

* 

Preparation of En gineered Heavy Chain Constant Region 

Genomic DNA encoding either the human lgG2 heavy chain constant region 

■ 

(GenBank accession # V00554; see Figure 3A) or the human lgG4 heavy chain 
constant region (GenBank accession # K01316; see Figure 3B) were provided, as 
inserts in the bacterial carrier plasmid pBR322 (see Figure 3C), by Dr. Ed Max of the 
FDA. Restriction enzyme analysis and complete DNA sequencing confirmed that the 
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correct sequences of human lgG4 and lgG2 constant regions were obtained. The lgG4- 
derived inserts were released from the plasmid by performing restriction digests with 
HindlH and Xhol. The inserts were purified, excised, and subjected to further restriction 
analysis to confirm the published sequence of the human lgG4 genomic DNA. The 
genomic lgG4 insert (Hindlll/Smal restriction fragment; the Smal site is in the 3' 
untranslated region approximately 30 bp 3' of the translation stop site) was then 
subcloned by ligation into the expression cassette APEX-1 (see Figure 4A and 4B, 
APEX-1 3F4VHHuGamma4). DNA sequence analysis was performed to confirm the 
correct sequence of the human lgG4 desired regions. 

The pBR322 plasmid containing genomic DNA encoding human lgG2 was used 
as the source of lgG2 CH1 , hinge region and the first part of CH2, which were excised 
with Pmll and Bst Ell and subcloned into APEX-1 3F4V H Gamma4 to replace the 
corresponding lgG4 derived sequences (see Figure 5A). The sequence of the resulting 
chimeric lgG2/lgG4 human constant region is shown in Figure 5B (APEX-1 
3F4V H HuG2/G4). 

Preparation of a Chimeric Antibody based upon murine QKT3 variable regions and the 
human G2/G4 heavy chain constant region 

The murine mAb OKT3 heavy and light chain variable sequences have been 
previously determined and deposited in the GenBank database (Accession numbers 
A22261 (Figure 6) and A22259 (Figure7), respectively). A chimeric antibody was 
generated with the OKT3 variable regions and the HuG2/G4 constant region using two 
different expression systems. The heavy and light chain variable regions were 
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constructed by gene synthesis using overlapping 40 mer oligonucleotides and a ligase 
chain reaction for insertion into PUC 19 cloning vectors. For Expression System #1 , 
sequences including the murine immunoglobulin promoter and a murine leader 
sequence with the leader intron, were added at the 5* ends, and sequences including 
the splice donor site were added at the 3' ends by PCR to form expression cassettes for , 
the heavy and light chain (kappa) variable regions as Hindlll to BamHI fragments. The 
complete DNA and amino acid sequences of the constructed murine OKT3 heavy chain 
variable region and the murine OKT3 light chain variable region used in Expression 
System #1 are shown in Figures 8 and 9, respectively. 

The previously described engineered heavy chain constant region was next 
modified for insertion into a separate PUC19 cloning vector as follows: 5* untranslated 
intron sequence from native human lgG4 with a 5' BamHI site was added at the 5* end, 

« 

and 3' untranslated sequence from natural human lgG4 with 3' EcoRI and Bglll sites 
was added at the 3' end. The HuG2/G4 constant region was excised as a BamHI to 
Bglll fragment from Puc 19, inserted into the unique BamHI site of the heavy chain 
expression vector pSVgpt.HuG2G4 and the correct^ orientation selected. The complete 
nucleic acid sequence of the BamHI to Bglll HuG2/G4 fragment is shown in Figure 10. 

Similarly, the constructed murine OKT3 heavy chain variable region was excised 
from PUC 19 as a Hindlll to BamHI fragment and transferred to the pSVgpt.HuG2G4 
expression vector containing the HuG2/G4 insert. The DNA sequence was confirmed to 
be correct. A schematic map of the heavy chain expression vector pSVgpt.HuG2G4 is 

» 

* 
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shown in Figure 1 1 , and indicates the position of the HuG2/G4 constant region relative 
to the constructed OKT3 variable heavy region contained within the vector. 

The constructed murine OKT3 light chain variable region was also excised from 
PUC 19 as a Hindlll to BamHI fragment and transferred to the expression vector 

pSVhygHuCK containing the human kappa constant region (HuCk) as shown in Figure 
12. 

A second expression system containing a modified version of the murine OKT3 
variable heavy chain region joined to the human G2/G4 constant region was also 
generated. This version (Expression System #2) included the original OKT3 signal 
sequence and did not contain the immunoglobulin promoter and intron sequences 
described in the previous construct. The chimeric antibody was constructed by gene 
synthesis and ligated into the PUC19 cloning vector containing the previously described 
G2/G4 constant region. The sequences of the OKT3 VH and human G2/G4 inserts 
(Expression System #2) are shown in Figure 13. 

The G2/G4 constant region was excised from Pud 9 by digestion with 

i 

BamHI/Bglll and gel isolated. This fragment was then ligated into the expression vector 
APEX-3P at the BamHI site to generate APEX3PG2/G4 (see Figure 14). The murine 
OKT3VH was isolated with BsiWI/BamHI digestion from the above PUC 19 vector and 
modified by adding a BamHI site on its 5' end with a BamHI-BsiWI adapter. The 
cohesive-end adaptor duplex used to generate BamHI/BsiWI had the following 
sequences: 

Adaptor 5' G ATCCGCGGCCG C 3' (Seq. ID No.50) 

Adaptor 3 G C G C C G G C G C A T G 5* (Seq. ID NO: 51) 
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The APEX-3PG2/G4 vector was then opened with BamHI and the modified OKT3 V H 
region inserted to generate the expression vector APEX-3PmOKT3VhG2G4 (Figure 
15). Similarly, an alternative OKT3 light chain cassette containing the original murine 
OKT3 VK signal sequence and variable kappa sequence (no intron) was ligated to a 
human kappa light chain constant region. This was accomplished by constructing OKT3 
VK gene sequences by gene synthesis and ligating the sequence, as a Hindlll-BamHI 
fragment, to human kappa constant region gene sequences previously inserted into the 
PUC19 cloning vector. The resulting plasmid sequence is shown in Figure. 16. Next, 
the OKT3VK sequence was excised from this vector with BsiWI/EcoRI, and the hCK 
was excised with Bsgl/EcoRI from the same vector. To transfer the two fragments into 
the expression vector APEX-3P, a commercially available 'shuttle vector, LITMUS 28 
was used (New England'Biolabs, Inc., Beverly, MA). LITMUS 28 was opened with 
BsiWI/EcoRI digestion and ligated with the OKT3 VK fragment to generate 
LITMUS28mOKT3 (vector not shown), which was then opened with EcoRI/Bsgl 
digestion and ligated to the hCK fragment above to generate^ LITMUS28mOKT3VKhCK 
(Figure 17). The construct was then digested with Bglll/BamHI to isolate the entire 
mOKT3VKhCK fragment. The expression vector APEX-3P was opened with BamHI 
and ligated with the mOKT3VKhCK fragment to generate APEX-30KT3VK+CK (Figure 
18). 
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Evaluation of the Ability of the Chimeric Antibody Containing a Human G2/G4 Constant 
Region to Bind to the Human Receptor for IgG (FcvRH 

Antibodies such as OKT3, directed against the CD3 epsiion component of the T 
cell receptor complex, can activate human T cells by cross-linking the TCR. However, 
cross-linking has been shown to require accessory cells, which bind the Fc portion of 
the antibody through high and low affinity Fc receptors. The antibody produced in 
accordance with this Example was tested to evaluate binding to the human high affinity 
receptor for IgG (FcyRI). Cells of the U937 line were incubated with the indicated 
concentrations of biotinylated hlgG (Sigma) for 15 minutes at 4°C, washed, incubated 
with streptavidin-phycoerythrin (SA-PE) for 15 minutes at 4°C, washed, and then 
analyzed by flow cytometry using a Becton Dickenson FACS Calibur flow cytometer. As 
seen in Figures 19A, the resulting binding curve indicated that a concentration of 
approximately 2-4ng/mL biotinylated hlgG was appropriate for further competition 
studies. U937 cell were incubated with 3.0ng/mL biotinylated hlgG together with the 
indicated concentrations of competing antibodies for 30 minutes on ice, washed, 
incubated with SA-PE for 15 minutes, washed, and then analyzed^ by flow cytometry 
(Figure 19B). Preparations of mOKT3, hlgGi and hlgG 4 efficiently blocked binding of the 
biotinylated hlgG to the target cells, indicating that they bound the FcyRI receptor. 
However, the recombinant chimeric antibody of this Example (containing an engineered 
lgG2/lgG4 human constant region) did not compete for binding to the FcyRI receptor on 
these cells, indicating that antibodies containing this modified constant region do not 
bind FcyRI. 
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Evaluation Of Binding To The Low Affinity Human Receptor For laG (FcvRII) 

The chimeric antibody containing an engineered lgG2/lgG4 human constant 
region produced in accordance with this Example was tested with respect to the ability 

■ 

to bind the human low affinity receptor for IgG (FcyRII). In order to reveal binding to low 

i 

affinity Fc receptors, antibody preparations were first complexed by incubation with 
equimolar concentrations of fluorescein isothiocyanate (FITC) - labeled rabbit Fab'2 
anti-human Fab'2 antibodies overnight at 4°C. Cells of the K562 line, which bear both 
allotypes of the human low affinity receptor for IgG (FcyRII), were incubated with the 
indicated concentrations of antibody complexes for 30 minutes on ice, washed, and 
analyzed for bound antibodies by flow cytometry using a Becton Dickenson FACS 
Calibur flow cytometer. As seen in Figure 20, human IgGi antibody complexes 
demonstrated efficient binding to the K562 cells, while hlgG 2 antibody complexes 
demonstrated much lower levels of binding. Human lgG4 and the chimeric OKT3 
hG2/G4 recombinant antibody formed antibody complexes that were unable to bind the 
low affinity FcyRII receptors on these cells. Binding of the FITC- rabbit Fab'2 anti- 
human Fab'2 antibodies alone is also indicated. \ 
Evaluation Of Ability To Induce Cytokine Production In PBL 

A chimeric antibody of Example 1 directed against human CD3 and containing an 
engineered lgG2/lgG4 human constant region was evaluated for its ability to induce 
cytokine production in peripheral blood leukocytes (PBL). Freshly isolated human 
peripheral blood from a panel of donors was enriched for the leukocyte fraction by 
Ficoll-Hypaque density sedimentation. The resulting PBL were incubated with the 
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indicated concentrations of anti-CD3 antibodies bearing either a murine lgG2a constant 
region (OKT3) or a human IgG G 2/G4 constant region (OKT3 hG2/G4) (see, Figure 21 ). 
Supernatants were collected at 24 and 36 hours and evaluated for the accumulation of 
TNF-a (A), and IL-2 (B) by sandwich ELISA. The graphs shown in Figure 21 represent 
the time point at which peak levels of a given cytokine were observed (e.g. 24 hours for 
IL-2 and 36 hours for TNF-a). The OKT3 antibody, which binds both human FcyRI and 
FcyRII receptors, induced potent levels of both cytokines. However, the chimeric 
recombinant antibody OKT3 hG2/G4, which binds to the same CD3 epsilon epitope as 
OKT3 but which has lost its ability to bind Fc receptors, were unable to stimulate the 

■ 

production of significant levels of any of the cytokines examined. 

Evaluation Of Ability To Activate Target T Cells From Human PBL 

A chimeric antibody of Example 1 directed against human CD3 and containing an 
engineered lgG2/lgG4 human constant region was evaluated for the ability to activate 
target T cells from human PBL. CD25 is the receptor for interIeukin-2 (IL-2) and its 
expression is upregulated on the surface of T cells activated through the T^cell receptor 
complex. Similarly, CD69 is also an early T cell activation marker whose levels of 
expression increase upon T cell receptor engagement. Thus both markers serve as 
sensitive measures of T cell activation. Freshly isolated human peripheral blood from a 
panel of donors was enriched for the leukocyte fraction by Ficoll-Hypaque density 
sedimentation. The resulting PBL were incubated in the absence or presence of the 
indicated concentrations of anti-CD3 antibodies bearing either a murine lgG2a constant 
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region (OKT3) or a human IgG G 2/G4 constant region (OKT3 hG2/G4); see Figure 22). 

Cells were harvested at 24 hours, washed, and incubated with FITC-conjugated 

monoclonal antibodies specific for human CD25 and human CD69 on ice for 30 

minutes. The cells were washed and analyzed for antibody binding by flow cytometry 

using a Becton Dickenson FACS Calibur flow cytometer. Data are shown in Figures 

22A and 22B for one representative donor, with the percentage of cells expressing 

CD25 (A) or CD69 (B) indicated. 

Generation And Expression Of 
A Human L-SIGN-Fc Fusion Protein 
With Human G2G4 Fc Portion 

A human L-SIGN-human G2G4 fusion protein is generated by fusing two PCR 
fragments derived from cDNA coding for the human L-SIGN (as the non Fc component) 
and the Fc portion of human immunoglobulin HuG2G4. Oligonucleotides P1, 
cagatgtgatatcTCCAAGGTCCCCAGCTCCCTAAG (SEQ ID NO: 52), and P2, 
tgggctcgagTTCGTCTCTGAAGCAGGCTGCG (SEQ ID NO: 53), are used to amplify the 
extracellular portion of hL-SIGN from human spleen cDNA library (The regions of the 
primer that are complementary to the human L-SIGN are indicated with capital fetters). 
P1 contains an upstream EcoRV restriction endonuclease site to fuse with a leader 
sequence (KLV56). In P2, a downstream Xhol restriction endonuclease site is used to 
fuse with the hG2G4 Fc region. The primers P3, agacgaactcGAGCGC 
AAATGTTGTGTCGAGT (SEQ ID NO: 54), and P4, cggccctggcactcaTTTACCCAGA 
G AC AG G GAG AG G CT (SEQ ID NO: 55), are used to amplify the human G2G4 hybrid 
Fc region from Glu 99 of the hinge domain to the carboxyl terminus by using a plasmid 
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containing the human G2G4 constant region. Capital letters indicates complementary 
regions to the human G2G4 sequence. In P3, an upstream Xhol restriction 
endonuclease site is designed to ligate with hL-SIGN . P4 contains downstream 
sequences for one stop codon and NgoMIV restriction endonuclease site. The PCR 
amplified human L-SIGN and human G2G4 Fc region fragments are TA cloned into 
pCR2.1 vector and accurate sequence confirmed. The resulting plasmid pCR2.1 hL- 
SIGN is digested with EcRV/Xhol, and the plasmid pCR2.1hG2G4 is digested with 
XholNgoMlV. The resulting L-SIGN and hG2G4 fragments are ligated into a modified 
Apex3P plasmid (Alexion Pharmaceuticals, Inc.). EcoRV/NgoMIV contains a KLV56 
leader with a Kozak sequence and ATG corresponding to the codon for the initiating 
methionine (5 — CGCCCTTCCACC 
ATGGACATGAGGGTCCCCGCTCAGCTCCTGGGGCTC 
CTGCTACTCTGGCTCCGAGGTGCCAGATGT — 3' (SEQ ID NO: 56)). 
Cell culture and protein purification 

293 EBNA human embryonic kidney cells transfected with Apex3P-hL-SIGNhG2G4 are 
grown in DMEM (Cellgro #10-013-CV) with 10% heat inactivated FBS, 100 lU/ml 
penicillin, 100 Dg/ml streptomycin, 2 mM glutamine with 250 ug/ml G418 Sulfate and 1 
ug/ml puromycin. Cells are grown and selected at 37°C and 5% C0 2 . Confluent T-175 
flasks of selected cells are washed with 15 ml HBSS in order to remove serum proteins 
before the addition of 30 ml IS Pro serum free medium (Irvine Scientific, Santa Ana, CA, 
Catalog # 91103) supplemented with L-Glutamine (amount noted on bottle) and 
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penicillin/streptomycin to each flask. Two to three day supernatants are concentrated 
and purified by Protein A chromatography. 

Throughout this specification/various publications and patent disclosures are 
referred to. The teachings and disclosures thereof, in their entireties, are hereby 
incorporated by reference into this application to more fully describe the state of the art 
to which the present invention pertains. 

Although preferred and other embodiments of the invention have been described 
herein, further embodiments may be perceived by those skilled in the art without 
departing from the scope of the invention as defined by the following claims. 



\ 
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We claim: 

1 . A method for reducing antibody-mediated cell activation or inflammation 
events comprising administering an antibody which binds to either a cell surface 

■ 

molecule or a soluble molecule that binds to a cell surface molecule, the antibody 
including an engineered heavy chain constant region having a first portion derived from 
one or more human lgG2 antibodies and a second portion derived from one or more 
human lgG4 antibodies. 

2. A method as in claim 1 wherein at least the CH1 and hinge regions are 
derived from one or more human lgG2 antibodies and at least a portion of the CH2 and 
CH3 regions are derived from one or more human lgG4 antibodies. 

3. A method as in claim 1 wherein the antibody binds to a human complement 
component. 

4. A method as in claim 1 wherein the antibody binds to a cytokine receptor. 

5. A method as in claim 1 wherein the antibody binds to an adhesion molecule. 

6. A method as in claim 1 wherein the antibody binds to a cell differentiation 
antigen. 

\ 

7. A method as in claim 1 wherein the antibody binds to a cell activation 
antigen. 

8. A method as in claim 1 wherein the antibody binds to a soluble molecule that 
binds to cell surface molecules. 

9. A method as in claim 1 wherein the antibody binds to a cytokine. 

10. A method as in claim 1 wherein the antibody binds to a chemokine. 
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1 1 . A method as in claim 1 wherein the antibody binds to a growth factor. 

12. A method as in claim 1 wherein the antibody binds to a molecule that 
induces cell differentiation. 

13. A method as in claim 1 wherein the antibody binds to a molecule that 
induces cell activation. 

14. A method as in claim 1 wherein the antibody binds to a cell surface 
molecule. 

15. A method for preventing or reducing cytokine release comprising 
administering an antibody which binds to either a cell surface molecule or a soluble 
molecule that binds to a cell surface molecule, the antibody including an engineered 
heavy chain constant region having a first portion derived from one or more human 

* 

lgG2 antibodies and a second portion derived from one or more human lgG4 
antibodies. 

1 6. A method for preventing or reducing the severity of cytokine release 
syndrome comprising administering an antibody which binds to either a cell surface 
molecule or a soluble molecule that binds to a cell surface molecule, the antibody 
including an engineered heavy chain constant region having a first portion derived from 
one or more human lgG2 antibodies and a second portion derived from one or more 
human lgG4 antibodies. 

17. A fusion protein comprising a non-Fc component and an Fc region having a 
first portion derived from one or more human lgG2 antibodies and a second portion 
derived from one or more human lgG4 antibodies. 
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18. The fusion protein of claim 17 wherein the Fc region includes at least a 
portion of a CHi region. 

19. The fusion protein of claim 17 wherein the Fc region does not include any 
portion of a CH-i region. 

20. The fusion protein of claim 17 wherein the Fc region includes at least a part 
of a hinge region. 

21 . The fusion protein of claim 17 wherein the non-Fc component comprises an 
antibody fragment. 

22. The fusion protein of claim 17 wherein the non-Fc component is a member 
selected from the group consisting of single chain, scFv, f(ab) and F(aby 2 . 

23. The fusion protein of claim 17 wherein the non-Fc component comprises a 
variable region of an antibody having a mimetic peptide inserted within or in place of at 
least a portion of at least one CDR. 

24. The fusion protein of claim 17 wherein the non-Fc component comprises a 
peptide. 

25. The fusion protein of claim 17 wherein the non-Fc component comprises a 
protein or fragment thereof. 

26. The fusion protein of claim 17 wherein the non-Fc component comprises a 
member selected from the group consisting of cytokines, hormones, enzymes, ligands, 
growth factors, receptors and antibody fragments. 

27. The fusion protein of claim 17 wherein the non-Fc component comprises a 
member selected from the group consisting of peptides displaying G-CSF activity, 
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peptides displaying GHR activity, peptides displaying prolactin activity, nerve growth 
factor mimetics, IL-2 mimetics, glucogon-like peptide-1 , tetrapeptide I (D-lysine-L- 
asparaginyl-L-prolyl-L-tyrosine), N-terminal peptide of vMIP-ll, antagonist peptide 
ligand (AFLARAA) of the thrombin receptor, peptide CGRP, receptor antagonist CGRP, 
parathyroid hormone (PTH)-1 receptor antagonist, acid fibroblast growth factor binding 
peptide, human brain natriuretic peptide (hBNP), exendin-4, GLP-1 (7-36), GPL-2 (1- . 
34), glucagons, PACAP-38, platelet-derived growth factor (PDGF), keratinocyte growth 
factor (KGF), epidermal growth factor (EGF), vascular endothelial growth factor (VEGF), 
insulin, nerve growth factor (NGF), insulin-like growth factor (IGF), transforming growth 
factor (TGF), hepatic growth factor (HGF), fibroblast growth factor (FGF), the product of 
the Wnt-2 proto-oncogne (wnt-2) and the binding domain of human cytotoxic T- 
s lymphocyte-associated antigen 4. 

28. A method of increasing the half life of a non-Fc component by fusing the 
non-Fc component to an Fc region having a first portion derived from one or more 
human lgG2 antibodies and a second portion derived from one or more human lgG4 
antibodies. 

29. A method of increasing the avidity of a non-Fc component for a molecule to 
which the non-Fc component binds by fusing the non-Fc component to an Fc region 
having a first portion derived from one or more human lgG2 antibodies and a second 
portion derived from one or more human lgG4 antibodies. 
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30. A method of forming a dimer of a non-Fc component by fusing the non-Fc 
component to an Fc region having a first portion derived from one or more human lgG2 
antibodies and a second portion derived from one or more human lgG4 antibodies. 

31 . A method of facilitating purification of a non-Fc component by fusing the 
non-Fc component to an Fc region having a first portion derived from one or more 
human lgG2 antibodies and a second portion derived from one or more human lgG4 
antibodies. 

32. A method of reducing or eliminating Fc receptor binding and complement 
activation associated with a Fc fusion protein comprising fusing a non-Fc component to 
an Fc region having a first portion derived from one or more human lgG2 antibodies and 
a second portion derived from one or more human lgG4 antibodies. 

33. A method as in claim 32 wherein the Fc receptor binding and complement 
activation is reduced or eliminated in vitro. 

34. A method of improving expression of a non-Fc component in mammalian 
cells by creating a Fc fusion protein having the non-Fc component fused to an Fc region 
having a first portion derived from one or more human lgG2 antibodies and a second 
portion derived from one or more human lgG4 antibodies. 

35. The fusion protein of claim 17 wherein the Fc region is attached to an amino 
terminus of the non-Fc component. 

36. The fusion protein of claim 17 wherein the Fc region is attached to the 
carboxy terminus of the non-Fc component. 

37. Nucleic acid encoding a fusion protein in accordance with claim 17. 
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38. Nucleic acid as in claim 37 which includes introns. 

39. Nucleic acid as in claim 37 which does not include introns. 

40. An expression vector containing nucleic acid in accordance with claim 37. 

41. A host cell transfected with an expression vector in accordance with claim 



39. 



42. A composition comprising a fusion protein in accordance with claim 17 and a 
pharmaceutical^ acceptable carrier. 
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Figure 3A 

Human IgG2 amino acid and 
GenBank Accession #V00554 



nucleic acid sequence 



181 
241 
301 



« SSSSS SCSS 5222 E22ES ca " 9a * t99 9Ctaa99t9a 
121 2SS 60 f 99ataga * £S ESS 

™^ C " tcacat 99ca ccacctctct tgcagcctlc accaagggcc cScSctt 
caaaoactac 9CtCCa WWoto cgagagcaca gccgcfSgg gSg^tggt 
361 cg a qfaca a o cc 9^c • c ggtgacggt gtcgtggaac tcaggcgctl ?gaccag?gg 
421 SccZ™ "cccagotg tcctacagtc ctcaggactc tactccctca gcagcg?gg? 
4fli tccagcaaot tcggcaccca gacctacacc tgoaacgtag ItcacaaaSc 

til lllZlttr aag9t ? gaca agacagttgg tgagaggcca gltcaggga? ggagggSto 
III tatl^l Ca9gctca 9 c cctcctgcct ggacgcaccc IggctSgca ScfSScc 

til SEK SSSZ £22? tcaccc " a9 9 c?tc?gLc SS2S 

toi JL IT 9 aagggtcttc tggctttttc caccaggctc caggcaqqca caoactooah 
?S SScaaa ! a " CCC " C aca <***9gg gcagggctt gg??cagacc tg??aaaSc 

HI cctcagc??! SS EST" T°9 acccc ^aaggcLaa cfgtccaSc 
901 aaaeS f 5 ctcctcccag atcogagtaa ctcccaatct tctctctgca 
961 ?=™ a gttgtgtcga gtgccoaccg tgcccaggta agccagccca ggcctcScc 
1021 SaS ^!?" aCa ! 9 fc 9 cccta 9 a Stagcctgca tccagggaca gccccagct 
10W a °9 fcccacot ccatctcttc ctcagcaooa cctg?ggcag glccgtcagt 

nnln ^ cccccaaaac ccaaggacac cctcatgatc tcccggaccc ctaaaotcar 

lltl 222?* 3 ^cgtga gccacgaaga ccccgaggtc eaS 
22 2H2SS CCa ?r Caaa 9ccacgggag gag^agttca aSgcIcS 

1321 a 9 c 9tcctca ccgttgtgoa ccaggactgg ctgaacggca aggaqtacaa 

III, f 9 ?" 9910 tcca ^aaag gcctcccagc ccccatcgag aaLcoScJ cllalaccaa 
ES S22E 222Sf 9*9ggcc a ca tggacagag^ ccggcSggc ccat^tctg 
ccctgggagt gaccgctgtg ccaacctctg tccctaoagg gcagccccga qaaccacaaa 

22 SScaaaaa C999a99a9a tgaccaaga! IJ£S££ 5£SSS 

1621 aaS™?! ~ tCtacccc agogacatcg ccgtggagtg ggagagcaat gggcagclga 
iseJ o™!* caagaccaca cctcccatgc tggactccga cggctcctc ttcctctala 
I'll Itcllttatt ^ g gacaag agcaggtggc agcaggggaa cg?cttctca tgctccgtga 
* 9cat 9 a 99° tctgcaoaac cactacacgc agaagagoct ctccctgtct ccgqqtaaat 
1801 gagtgocaog gccggcaago ccccgctocc caggctctcg gqgtcg?qtq aggalaet*- 
22 £T aCC ° °9t9tacata cttcccaggc aclfagcatg £252 2£22St 
22 ^ tSCSa 9-° tgtgatggtt ctttc^gtgg Itcaggc^a gtctg?g|cc 

x^bx tgagtggcat gagggaggca gagtgggtc ^^£^ j- Q <{) 
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Figure 3B 

Human IgG4 Amino Acid and Nucleic Acid Sequence 
GenBank Accession #K01316 

STKGPSWPLAPCSRSTSESTAALGCLVKD^^ 

S S WTVPS S SLGTKTYTOJVDHKPSNTKVDKRVES KYGPPCPSCPAPEFL.GGPSVFLFPPKPKD 
TLMI SRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFN 

LNGKEYKCKVSNKGLPS S I EKTI SKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSD I 
AVEWESNGQPENNYKTTPPVLDSDGSFFLYS^^ 

SLSLGK ( Se^ "Cb . vOo ^ 

1 agctttctgg ggcaggccgg gcctgacttt ggctgggggc agggaggggg ctaaggtgac 
61 gcaggtggcg ccagccaggt gcacacccaa tgcccatgag cccagacact ggaccctgca 
121 tggaccatcg cggatagaca agaaccgagg ggcctctgcg ccctgggccc agctctgtcc 
181 cacaccgcgg tcacatggca ccacctctct tgcagcttcc accaagggcc catccgtctt 
241 ccccctggcg ccctgctcca ggagcacctc cgagagcaca gccgccctgg gctgcctggt 
■ 301 caaggactac ttccccgaac cggtgacggt gtcgtggaac tcaggcgccc tgaccagcgg 
361 cgtgcacacc ttcccggctg tcctacagtc ctcaggactc tactccctca gcagcgtggt 
421 gaccgtgccc tccagcagct tgggcacgaa gacctacacc tgcaacgtag atcacaagcc 
481 cagcaacacc aaggtggaca agagagttgg tgagaggcca gcacagggag ggagggtgtc 
541 tgctggaagc caggctcagc cctcctgcct ggacgcaccc cggctgtgca gccccagccc 
601 agggcagcaa ggcatgcccc atctgtctcc tcacccggag gcctctgacc accccactca 
661 tgctcaggga gagggtcttc tggatttttc caccaggctc ccggcaccac aggctggatg 
721 cccctacccc aggccctgcg catacagggc aggtgctgcg ctcagacctg ccaagagcca 
781 tatccgggag gaccctgccc ctgacctaag cccaccccaa aggccaaact ctccactccc 
841 tcagctcaga caccttctct cctcccagat ctgagtaact cccaatcttc tctctgcaga 
901 gtccaaatat ggtcccccat gcccatcatg cccaggtaag ccaacccagg cctcgccctc 
961 cagctcaagg cgggacaggt gccctagagt agcctgcatc cagggacagg ccccagccgg 
1021 gtgctgacgc atccacctcc atctcttcct cagcacctga gttcctgggg ggaccatcag 
1081 tcttcctgtt ccccccaaaa cccaaggaca ctctcatgat ctcccggacc cctgaggtca 
1141 cgtgcgtggt ggtggacgtg agccaggaag accccgaggt ccagttcaac tggtacgtgg 
1201 atggcgtgga ggtgcataat gccaagacaa agccgcggga ggagcagttc aacagcacgt 
1261 accgtgtggt cagcgtcctc accgtcctgc accaggactg gctgaacggc aaggagtaca 
1321 agtgcaaggt ctccaacaaa ggcctcccgt cctccatcga gaaaaccatc tccaaagcca 
1381 aaggtgggac ccacggggtg cgagggccac acggacagag gccagctcgg cccaccctct 
1441 gccctgggag tgaccgctgt gccaacctct gtccctacag ggcagccccg agagccacag 
1501 gtgtacaccc tgcccccatc ccaggaggag atgaccaaga accaggtcag cctgacctgc 
1561 ctggtcaaag gcttctaccc cagcgacatc gccgtggagt gggagagcaa tgggcagccg 
1621 gagaacaact acaagaccac gcctcccgtg ctggactccg acggctcctt cttcctctac 
1681 agcaggctaa ccgtggacaa gagcaggtgg caggagggga atgtcttctc atgctccgtg 
1741 atgcatgagg ctctgcacaa ccactacaca cagaagagcc tctccctgtc tctgggtaaa 
1801 tgagtgccag ggccggcaag cccccgctcc ccgggctctc ggggtcgcgc gaggatgctt 
1661 ggcacgtacc ccgtctacat acttcccagg cacccagcat ggaaataaag cacccaccac 
1921 tgccctgggc ccctgtgaga ctgtgatggt tctttccacg ggtcaggccg agtctgaggc 
1981 ctgagtgaca tgagggaggc agagcgggtc ccactgtccc cacactgg (S*£^ ."ST^J'OO, 
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mSi 3 <n* f Ch ! m f ±C maP ° f the E ' coli P la smid cloning vector 
PBR322 (GenBank Accession #J01749. 
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Figure 4A. Schematic map of the vector Apex-1 3F4V H HuGairuna4 . 
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Figure 4B. Vecto'x sequence (APEX-1 3F4V H HuGaimaa4) 

wocj»«i««ococri»icMwwtteM 

atTOnTTKGMGTACAK™!^^ 390 



CCG 650 
780 
910 



— « r H BY HMQ WVKQ OGIEWIGAJYPGDGDTSYTQ 

ITAPICa SStArMOl jj^ 8 LASBDSAVxTCARRTV GG » P O 

— 3F4Vh ( ^» T K GP 8 VFgLAPC 8^ 3 T 8 B 8 TAAtGCLV K 0 

■ GftLTflgVa A v 1 0 S f « > * S X 8 8 y V ,.V P 8 9 

" ~ — hQ4CH1 D K R V 




CTGAGTTCCTOQGGGGaCC3\TC3lGTCTTCCT 234C 
% AC. ,A » C T L G C P S V F L 

TTTr-rrr— ^ 247C 

~ — V V 8 T * , h 0 7 C , p Q PHLHG KBYKCKV8MK G L 

- h04CH2 I 

' hG4CH3 Ronw ueeHVF3C8 

— M34CH3 — L_ If 

«CC0aTGTt«» OTa : m ^ 

WntrnWEa^JEGGCCGTSOTCCCTCG^^ tt« 

cccgcgttgctcg^t^SSSSSS^^ 
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"WW"*™^^ 5B5C 



WO 2005/007809 PCT/US 20 04/0 17005 

10/42 

Figure 5A. Schematic mi t the vector Apex-1 3F4VhHuG2/G4. 
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Figure 6. Amino Acid and nucleotide sequence of the murine OKT3 heavy chain variable region 
(Accession #A22261) 
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61 tctactcctg ttgtcagtaa ctgcaggtgt ccactcccag gtccagctgc agcagtctgg 
121 ggctgaactg gcaagacctg gggcctcagt gaagatgtcc tgcaaggctt ctggctacac 
181 ctttactagg tacacgatgc actgggtaaa acagaggcct ggacagggtc tggaatggat 
241 tggatacatt aatcctagcc gtggttatac taattacaat cagaagttca aggacaaggc 
301 cacattgact acagacaaat cctccagcac agcctacatg caactgagca gcctgacatc 
361 tgaggactct gcagtctatt actgtgcaag atattatgat gat cat tact gccttgacta 
421 ctggggccaa ggcaccactc tcacagtctc ctcagccaaa acaacagccc catcggtcta 
481 tccactggcc cctgtgtgtg gagatacaac tggctcctcg gtgactctag gatgcctggt 
541 caagggttat ttccctgagc cagtgacctt gacctggaac tctggatccc tgtccagtgg 
601 tgtgcacacc ttcccagctg tcctgcagtc tgacctctac accctcagca gctcagtgac 
661 tgtaacctcg agcacctggc ccagccagtc catcacctgc aatgtggccc acccggcaag 
721 cagcaccaag gtggacaaga aaattgagcc cagagggccc acaatcaagc cctgtcctcc 
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1261 aacagagcta aactacaaga acactgaacc agtcctggac tctgatggtt cttacttcat 
1321 gtacagcaag ctgagagtgg aaaagaagaa ctgggtggaa agaaatagct actcctgttc 
1381 agtggtccac gagggtctgc acaatcacca cacgactaag agcttctccc ggactccggg 
1441 taaatgagct cagcacccac aaaactctca ggtccaaaga gacacccaca ctcatctcca 
1501 tgcttccctt gtataaataa agcacccagc aatgcctggg accatgtaaa aaaaaaaaaa 
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Figure 7. Amino acid and nucleotide sequence of the murine O.T3 light chain variable 
region (Accession #A22259) 
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atcatgtctg 

121 catctccagg ggagaaggtc accatgacct gcagtgccag ctcaagtgta 
agttacatga 

181 actggtacca gcagaagtca ggcacctccc ccaaaagatg gatttatgac 
acatccaaac 

241 tggcttctgg agtccctgct cacttcaggg gcagtgggtc tgggacctct 
tactctctca 

301 caatcagcgg catggaggct gaagatgctg ccacttatta ctgccagcag 
tggagtagta 

361 acccattcac gttcggctcg gggacaaagt tggaaataaa ccgggctgat 
actgcaccaa 

421 ctgtatccat cttcccacca tccagtgagc agttaacatc tggaggtgcc 
tcagtcgtgt 

481 gcttcttgaa caacttctac cccaaagaca tcaatgtcaa gtggaagatt 
gatggcagtg 

541 aacgacaaaa tggcgtcctg aacagttgga ctgatcagga cagcaaagac 
agcacctaca 

601 gcatgagcag caccctcacg ttgaccaagg acgagtatga acgacataac 
agctatacct 

661 gtgaggccac tcacaagaca tcaacttcac ccattgtcaa gagcttcaac 
aggaatgagt 

721 gttagagaca aaggtcctga gacgccacca ccagctccca gctccatcct 
atcttccctfc 

781 ctaaggtctt ggaggcttcc ccacaagcgc ttaccactgt tgcggtgctc 
taaacctcct 

841 cccacctcct tctcctcctc ctccctttcc ttggctttta tcatgctaat 
atttgcagaa 

901 aatattcaat aaagtgagtc tttgccttga aaaaaaaaaa aaa ($JLQ JP$> £ 0 *) 
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Figure 8. Expression System #1 : Nucleic Acid and amino acid sequences of murine 
OKT3 VH gene construct. 



KhdlU 

| ... n ... .1 h m i .t ... .| | | | | ... , t ... .| \ 11 

TTOGAATACTIATAOSrTrAQQAGACITAGATGTAOCATT^ 

pool 

I I I I I I \ I < " ■ n ■ i ■ ■ I 1 

MOH8CZ I L 1 

I S*en4 



H O W 8 C I I L F L V A T A T| (S>££ . XP $ . A^) 



TOAC»ie<acrrTOccrTTCxcTCC»c^ „ 

«... . t . ■ ■ . | | | | | ... . 1 ... > | I.| j ■ ■■ H M l »| I M H M l » t - " 

ACTOTraGTGAAACCWAAAGAGAGOTQTCaUC^ 



m ,10 ^iiJLi 



OVHSQVQLQQSOABIi A R P O A 8VKH8CK 

VH 



CTICXOTCrAI^CQTTTACTAGCTACAaJ 4 4 

n m . i i ... 1 1 | | .| i . | 1 | | ,,. n . ,| I " 



A8GYTPTR. YTHHWVJCQRP QQGLBH I G Y I N PSRGYTUY 

VH ■ 



! > , 



CDRH1 ) 



CDRH2 



MTCA<3UtfJTrCM<X»CA*02CaVCACrCaU3T^^ ce 

| | I I m ■ «l ■■■ 'I I I I I I 1 

TTA UliaACA MTTOCTOTT OC OTTCTGACTOATCTCTO 

aQKFK0K&TLTTDKS8STAYW0LSSLT8ED8AVYYCA 
VH 



CORH2 f 



\ | . M I|...l| 1 1 | | | I \ I 00 

TrCTATAATACTACTMTAATOACW»<rcTaATO 

RYYDDHYCL DYWGQGTTLTV88 
VH 1 



CORH3 1 



Xmc* 
j Sma! 



I | | |'M.1. I M | . I M|M..| | lM ll fl ll.lt \ ... ■ ! ... ■< " 

wwiraoGcu^ACj^ccaccrTmcacpjcim^ 

BamH) 



ACAOACATC CTCAG CTCOCAOACTTCATCGOC AOAGATTTAT AGQAT OC 

I I I I ' 

TOTCTOrAaaAOTCGAOGQTCraAAOTACOQQTCTCrAAAIATCCIAOT 



5OAT0C 



WO 2005/007809 



15/42 



PCT/US2004/0 17005 



Figure 9. Expression System #1: Nucleic acid and amino acid sequences of murine 
OKT3 VL gene construct. 
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Figure 10. Complete nucleotide sequence of the BamHI-Bglll restriction fragment 
containing the human G2/G4 constant region. 
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Figure 1 1. Map of the heavy chain expression vector pSVgptHuG2/G4 used in 
Expression System #1. 
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. Figure 12. Map of the light chain expression vector pSVgptHuCK used in Expression 
System #1. 
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Figure 13. Nucleotide and amino acid sequences of the OKT3 VH human G2/G4 
construct used in Expression System #2. 
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Figure 13 (conHOB 
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Figure 13 (con't.)C 
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Figure 14. Nucleic acid and amino acid sequences of the APEX-3P G2/G4 expression 
vector used in Expression System #2 
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Figure 14B(con*t.) 
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Figure 14 C (con't.) 
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Figure 14D(con't) 
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CU^CXJGT<2CrTO(KX3CrCMGCG<I^AQTOTaTGTAATTTO 9240 
TOOTTlTarGaO CR u RarOTTTT0A.Ca3 CVOTGOTTAO OSGQaTTAOUiTCAO CCAAO TTATTACAOCCTTaTTTTAC^TTCAAAAC(X3a\flCT 093 OQ TOTGQGCtaCT<3ACGCOT3 OCC 9360 
CC ACTCC&CAAXTT CAAAAAAAAQ AOT OQ CCACT TOT CT TTG TT TAT GG QCC CC ATT GG OCT GO AGC CC COTTT AAT IT T03 GGCZGTQT TAG A.Q ACAAC CAG TG OAG TC CGCTQ CTG TC Q 9400 

1 

(^OTC^CTOTICTrSXXCCTroTTrjC^^ 9600 
G£(XATAGCCATA\ATTCGTOT(^G^G3?JC^^ 9720 
CAAfl QGO lx L TviTOACWQ TT ATATT (JOT OT CAT AG CACAATOC CA CCA CT OAA CC CCC CQ TCC AAArTvi' ATT CT 033 OQ COT CA CCT OAAAC CT TOT TI TOO AO CAC CT CACATACA CCT 9840 
TACTOTTCA.CAACTCAaCAOTTATTCTfa t T^ 9960 

\ ij Sj 

AA.TO GET CACEACC CTC OT GGAAT CCT OA CCC CATOT AAATAAAAjCC CTT OAjC AG CTCAT QGQ OT GCM ATJATATC(X^OTTCX:TT AOG AC CCTTTT31CTAAOC CTAATTCGAT A3 CAT AT O 1008C 

OTliJCCGTTCOQTAJUCA 1020C 

FJiTOCECOTrorJSCCTOCCCTm^ 1032C 

<HV£COTCT:3CCarj3fi^^CVCrraU^ 104 4 c 
GTCUlCTPXTjOTC&GPiS^CCECT 10554 
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Fig. 15A - Nucleic acid sequence (SEQ. ID No. 38) of vector APEX-3PmOKT3VhG2G4 

GTGACCAATACAP a ACAAAAGCGCCCCTC6m^ 13C 

CamOTiVlGCX^lATCTGCTCCCTGCT 26( 
TT TT GOG CTGCTTCGCGAT GTACG GGCCAGATATACG CG TTG ACATTGATTATT GRC TAGTT AT TAATAGTAAT CAATT AOG GG GTCAT TAG TTCAI AG CCC AT AIATG GAG TT CXX3CGTBVCATAACT T 39C 

ACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACC^ S2C 

CTGCOCACTTGGCAGTACATCAAGTGT^ 65C 

CATCTACGTATTAflTCATCGCTAITACCAra 78C 

TGGCACCJyUUVTC3VACGGGJCTTTCCAAAATGTC 91C 

TTGGGCTCGCGGTTGATTACAAACTCTTCQCGGTC^ 10< 

CTCTCGACTGTTGGGGTGAGTACTCCCTCTCAAAAGCGGGCAT^ 11' 

r 

GTCCAlCTGGlX^uy\AAAGACAATCTTTTTGTTGTCAJC 13( 

TCCAACTGCAGGTCGACCGGCTTGGTACCGAGCT 14: 



I'^^-r-w -> 0 ~\ MDWVWTLLPLLSVTAGVHS0VO 

XT> nO^I) I Signal t-OKTM- 



TGCAACAGTCTGGGGCTGAACTCECAAGACXTGGGG^ 15( 
LQQSGABLARPGASVKMSCKASGYTFTRYTMHWVKCRPGQGLBW 



OKTCVh- 



GATTGGATACATTAJCCCTAGCaSTGGAM 1 6< 

IGYINPSRGYTNYN QKFKDKATLTTDKSS STAYMQLSSL TSED 
©KTSVh 

TCCGCAGTCTATTACTGTGCAAGATATTATt^ 181 

8 A V Y Y C ARYYD DHYCLDYWGQ GTTLT V S S 
OKTCVh 1 



TTTTACTGCArTTGTTCGGGGGGAAATGTGTGTATCTGAACT 1 9! 

BamHI 

GRCTTXZATGGCCflGAGATTTATAGGATCCTCTAGA^ 20f 

CCCATGAGCGGAGACACTGTCCCTGCATGGACCATC 221 



Ci^ no i°) 



AST 

!— «xon — 



QYAGGGCCCKrcCGTCTTCCCCCTGGCGCCXn'GC 23< 
K G P 8 V E* P L A PCSRS TSESTAALGC LVKDY FPE P V TVSSN SGAL 

oxon : 

ACCAGOGGCGTGCACMCTTOCCGGCrGTCCTJC 24", 

T S G V ff T FPAVLQSSGLYSLSSVVTVP SSNPG TQTYT C N V D H KP 
. — OXOfl ■ 

GCAACACCAAGSTCG&C2U^ 2GC 
8HTKVDKTV 

axon 1 

CAGGCCCCRTCTGrCXCCrOUCGCGGAGG 272 

fiCArrA^GGCnGGTCpriGGCTCAGACCTGCCAA^ 2Q( 

iGAGTAACTCECAATCTTCTCTCTGCAGA^ 29? 



CpGAGTA 



*JD AO 4t) ^ E R K C C V E C P P C P 



exon- 



J 



CAGGGftCJffiGCCCCAGCTCGGTTGCTGACACGTCCAIXTCCAT 3K 

A PPVAG PSVPLPPPKP KDTLM1SRTP 
I -Cffian 



G&CSTGIOGTGCGTGGT GGTG3A£ GTGPJ3 CCftCGi^flGP-C COC GTlGCTOCi\GT TCAPJ^TG Gffi>CGTCGATC?GC GT GGACGTGCATilKTGC CARG3VC^J\PJ3 CCG CG G 3&€G££C£G TTC AACPiSCACXjTPX: C 32* 
B VTCVV.VDVSQEDPEVQFilflY VDGVEVHWAK TKPRE EQFI3S TY 



•oxon- 



GTGTGGTCAGCGTCCrCACCGTOCTGCACCAGC^CTGrc 331 
RVVSVLTV LHQOT? LHGKEYKCKVSBKGLPSS I E KTISK 



-axon- ' 



CGGGGTGCGPJKGCCZ>j:Pi;C^CAGi^GCC^ 35 J 

GQPREPQVYTLPPSQ 
GKOn 



GGAGGAGATGACCAJUSAACCAGGTCAGCCTGACCTGCCTGGTCA^ 36< 
EEMT K N Q V S LTCLVKGPYP SDIAV EWESNGQ PEN NYKTTPPVL 



exon- 



GACTCOGACGGCTCCTTCTTCCTCTACAGCAGGCTMCCGTC 37", 
D SDG8 FFLYSRLTVDKSRWQEGNVFSCSVMH EALHN HYTQK S L 



CCCTGTCTCTOSGTAAATGAGTGCCAGGGCCGGCA^ 39C 
S L S L G K . 
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Figure 15B(con't.) 



cc^caciococTOo«:occroTOJY» 4030 

Gcog TOBirnx autfgTcawjcTOsauwoccrocc^ 4160 

CATTC&rTTTJkTCTTICJiGKJrTCIlOQlJOT ***0 

exrrcxiurirQu3JMagicjirrcx^TcxT\(j X^ *sso 

AiuuiMcrqaBiuugc og Ti c qiCPGWTQiTO 4680 

OCTTJTCOUUUlCaUULTl'UlUOTC^ 4940 

ccaiaauiCMCJuutfuuuon^ 5070 

ACJUcn^c»cjacMuuirarTrocACAavTAMro "oo 

OTAX«3UAOC*TXJCmTC^TT*7rau^^ 5330 

OlTC003a:OCTJ^CTC0300C^lTCa300CaTTCT M60 



OBMCgcpi flgCTwro QuuuiocTaiiociacMtf^^ S590 

oc^CAocqra^ccaxiAcogcoic^aMwg^^ 5720 

Moca30Aaj^OTasuM3a»aKKiior<OT 5*50 

ocgcOTqarroTQqcauragaM^ 5900 

ccoccrejAccrccagicniracraqc T^ 6110 

QCKcocBiocqMiMqwxKaycxBu^ 6240 

TXT2UOG<n"IACJUUaAMUX3U^ 6370 

TATCMCQCOttJg Tro^TCTJ CWM^ 6500 

1A »TTTCgTOC q8CPBkQiaaOaKK J UU^ 6630 

CCTT OCCOlTIATafcTrcrT^ 6890 

CMCiuuuoqcaeMcaukcxacpuuuw^ 7020 

jicaiogooriBeOKXgOBiu»crocc«oiQw 7150 

»arxo3<aQDwntajTToacnx:c^<xTOGwcT<^^ 7280 

qcjcc*occacgttn»qM»TrMC«3W 7 *io 

TrcriuaaMicTaaaKscrciB™^ 7 « 7 © 

^saAfir2y\£CTTQOTCTOzic&CT 78 00 



TOcaTMrcxcTrj^crOTGccwocGaAMJOT 6320 

Bvocaosocju^iauKausucrTTAwi*^^ 8 *so 

Tcaccsr ci rrrac m aioc&oc ori iiJiuu OTcgflauuAac&cx^aacai^^ tti auttMTjtar«A aseo 

ocicacoeiacajqaaqcai&rTcaGix^ 8970 

raOCTra OUlOL ' l TAAATTOCCT 9100 

TCJVXAiaaCCERCTGTraftTIXATJlJ^ 9230 

Z&O&C^JCM^OCTCTGCTIGGCGCrcaCGCGCMfl^ 9880 

GTTrasrGGGaumGGTr^CCGCi^ 1001c 

irrjc&»ATa^3TGTziAcv£0\ra 1027c 

C\CChCr(Ti7.0C OCCXX3XCCVJ^TTTTriTTCTG2GGG OSTC^CCT^£JlOCTTX3Tn?TC<^J3Cl(XTCA 10S3C 

Z&(CTJOTCS^JK*TTC\Ga^ 10(3 6C 

C3^<TJM^GOT<SrTCCTT?J2<PX!OCTTTmC^ 107 9C 

ZttGCTTJCCCOTrmCCTTTMC^^ 1092C 

GSCCOCresaZ&OTftC&TOTOCCCCaGQlTlGCTGI^^ 1105C 

<XARAIOT(W2V2J\XCCATTTATAAGCaTO 111 8C 
XTGCACTGCOOC 11192 
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Figure 17. Nucleotide sequence of the LITMUS 28 shuttle vectoi, indicating the nucleic 
acid and amino acid sequences of the OKT3VkhCk insert used in Expression System #2. 

CTTAACTJ^GTCAGCrrJGCATr^ 130 

AftA&GGARGJCTATGAGTRTICAACftTTTCCGTGT^ 260 

CftCGiCTGGGTTACJlTCGWCTGGATCTC^ 390 

OGCXQGGCAflGRGCARCTCGGTOGCOGCATSVC^TRITC 520 

ATGaGTGiVTJ^ACTKGGCCAJCTTACTOT 650 

CCATJ£XXAAJU3IACGM(XTGAC^ 790 

MTTGCAGGJUXACTTCTGCX9CTCGGC<XTTC 910 

(^WJTmiCTRCJW;C^GGGC3VGTCMGCAACmiXXATGAACGAAA.l^ 10* c 

ATTCJrcCCGGTTGATRATCraAAAKjCCa3U\A^ H 7C 

CRATMGCCGMKrCGGCAAWlTCCCTTATAAATC^^ 130C 

OCGTCTATCJVXGCGAXGECOCACTWSGTGRACCATCACCCA^ H3C 

AACGTGGOGflGAARGGAi^QGARGAMXXGRAK 156C 

ATCTAKTGAftSATCCTTTTTGATAWCTCKr^ 169C 

TCIGCTCCTTGCAMCAAWUWiCaCCE 182C 

OTftSOCXSmGTrflSGOCJCCKTTC^GAiCTCTGmGCTOG^ TW\ICCTGTTJCCRG1X3GCrGCTGCCRGTGGCGATAAGTC^ 1 95C 

.TAGTTfiCOGGATAAGGCGCJ^QGIXXJGGCTGAAaXGGGCTTCGTC 208C 

MGGGBGJtfUCGCG<3C«5GmTCOGGBU«3COSCa3 2210 

TCGRTTTTTGTCATGCTOGTCAGGGGGGCGGAGCC^ 2340 

GATCTTCG&aiGCATCGaGCGCiCCGCGT«23GCCGC^ 260C 



HDFQVQIFSFLLISASVIISRGQIVLTQS P * 
1 VK 



AIMSASPGBKVTHTCSAS8SVSYMNWYQQKSGTS PKRHI YDTS 
_ — VK ■ 

JUUCTGGCTTCTGGJCTiCOQGCTCKWCMGGGCkCT 28 6C 

K LASGV PAHFRGSGSGTSYSLTISGMEAEDAATYYCQQWSSHP 
VK — 

fisgl 

TCJ^GTTCGGAICTGCT^AAAGTTGG^ 299C 
F T F GSGT K LEI K R TVAAP SVFI F PPSDEQLKSGTASVVCLLNN F 
VK 1 HuCK 

CTATCCCJiGilGaGGCCAAAGmCAGTCGAJ^TC 312C 
YPREAKVQBKVDNALQSGUSQESVTEOjDSKD STY SLSSTLTLS 

: HuCK ; 

pcoRI pamHI 

KUU3CMIU:TRCGAGAAIU:A3U\aGTCTAOGCCTGOT 3250 

KADYESHKVYACEVTHQGIiS S PvVkS FNRGEC 
HuCK 1 



CTTC<XATGGTGi^GTCft;CX3GTTCTftGA 338 C 

mCCCAACTTZmTCGCCTTGCRGCA^ 35 1C 

EG CC CGC TT CCG CG GGC Tf TIT TT T 3535 
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Figure 18. Nucleotide sequence (SEQ. ID No. 48) of the APEX-3 OKT3Vk+Ck vector 

cx»oTTAAoau«rr*TCTOCTccro 360 
^<»cra*TCtXDAT(7rAaoax:c*GA™^ 



WwrMATOOCOCOaCTOQCTWCOQOCC^aJi^ 



390 
530 

CTOCaXCTTCBCXCnA^TC^Ttn-AT^TATCXXAACIA fi50 
CATCT^orATTAaT(>TCC>CTATTACC\TOaTQAro ?aQ 

TQajurAAAATc^«AcrTr(X3UAAroTC<n^ 910 
TTooocrajaaTTOATTxcxAJCtcrTCoooorcTO l040 
crCTaacrorrooaffwiorACTaxTcrPCKA^ uw 

QTccMCTCOTCAOJug^AouurcrrTrTOrro uoo 



mdpqvqifsfllisasvt 



^leL J IVI>TQBf A IM8AIFQIKVTMTCBA0 8BV8TMUMYQQIC0 
°V»— .-- i i. mQKTTV/fc - 



«™™aotaciu*tt OT ^ ^ 

TCBASflSVSYM 

■mOKTCVk 

aaracrrocooaiAAAOATaaTTwmt^cA^ 

•mOKTSVk 



OTCPKK HI TOTSKLA0 OVfABPROSaSOTST SLTIS O M g A B 



1690 
D A 



1 



ouumTTAcraccMCAoroorcwLcrAi^aOTCAOTTC^ lg20 

ATTYCQQHOSH P > T POoaTKLBIKn TVAAPBVPIPPPaOCOLKa 
- — mOKT — 1 ; HuC . 

TSGUCTOCCXCTSnOTQ TCCCT QCTCUttAACtTCTATOC C\OW3 ACGCCM/CTACACTOO AAOOT (X^TAAOQ OCCTCCAATCtJG CCAACKCCAOtSU]AOTX2TCACAQhQOlOO ACA0CAAG d\ C 1950 
OTA6VVCLl.ilMrTPRgAKV0 W^K V PMAfaQgQMSQBStfTBQDSK O 



WCAOTACA^CrOUCA^ttC^ 

T J 



TTSLaflTLTI,8KADTBICaKVTACBVTHQOI.£38PVTK8PnR 



2000 

O S 



ciTAoaAATTarracw^wcrowATOT mo 
AGaarocarTTTcaa^tacxoTAArAocaAAaATO ai0 

OTTTCXGATG OT1TTGC TTTRTTTOTAiiC CnTAT^GCTTC AAT?AP£ftW3TTAJlC/\AC^O\ATT(XATT CATTTTATCT IT CMlOTTCAGOGGOAOtnQTOGQ&OTTTT TTTAAAOCVAOT AAW JCC 2470 
TCTACflJIATlTraGTATG QCTO^TT CCCG\CG?iAa CTC CTCTOTaTCXrrCATA/^ CCCT^ACCTC CTCTTVCTTG.\arj3 GftCMTC CWTCATftGQ CTC CCCTTOC^JXCT CTOTQ TCXTTC CTX3TTA 2600 

TOTt^XMCMAAAaTACTAOCTOTCACCTCT^ ^ 

CQOTxiaavOTrTOATOACc^zCTTroaTOCTOT^ 3i2o 

Tccra»ccTa:AococAAOCiTO(^crTOocc?flAAATcajox 33g0 
occA»a»AAAAocy«aaoTCTOTc^crcw 

TcaawA<3w:aooc«o(aAcoaAAco^ 

TCAOTOoccrcoccc^TCTCca]A3coccx^<no(^ j9oo 
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Figure 18 (con't) 

OTcaraicaacnomToaMaaiTOTaxmaaaM^ 4 2so 

caocKaciaAa^aicOTCCATCLRCA<nTiuocA^ 4 420 

TCW<CT^CBgrcO<XCQCaCC(^ 4 sso 

QCTCTaKarWTTffiP^AIOTCAM 4690 

OCTCcm<MOGUAqcrquucc&craQ&«^ 4eio 

CMOcnuffcnocxxxMocranAaKioTr 4 940 

<araric»«TagoauttOMa«acqcioBoc ^ soio 

occxacwwcjK g i c o ei JUiQgijaroc^^ 5200 

OlOOOBBQaeKTCTCBOOCWOlMCCTCTOOgCT 5330 

TOCiaKXAaaawmmafca^ mgo 

GBXCCanQaSCCTTXTCXKXRA&CaTCOICTTGMlCCMG^ 5Q50 

TrawOT<nToaocraxcr*aoocrracjusT(u3J^ 3900 

grown ittbbtt ina uua n uKiuaaTiayncMwuu^^ euo 

ATT*raA*AWO*TCTTCAIX^ 6240 

xraxarcixTiTOOTiCATccxi^OTTarcTc^^ 63to 

xxTCMCNii]uuucoaa!»xaaa^^ 65oo 

CXACGITqrTlXC^TroCr<X^<XKIAiranXM 6630 
TC CTIUWTCCT OC<WCO TIV7IGAGAAQ , ttAAir , IUU OC (X^QT<7rTATCACrrCATO<7rTAT03 CAGCa.CTC3 CXiaATTCIi: TTACrOTOT OC CRT CCOTAA3 ATS CI^TrCTOTOACTOOTOAOT ACT 6760 

CUYCCA*<ZrC*TTCIJ(»(RAlJiar(n>TOG3^ 6890 

AAAACt^ChAQGkTlTIAO00wraii<5AQ^ 7020 

<X3tfUttMCttffl^flraqxi^ 7iso 

MCsuuvrMiasTrrasQcsoucATiiL'ccacsAJuuuTraccn^ 7200 

TTT3J>CXqCTOTCan3UROrCaT^ 7410 

TCR&TO ciuumHJunL< s«uicm 7540 

7670 
7800 

CEG&OTOT^TraXULXJUCCXJ^^ 7930 

£0<Z&TIiaCM&XACTAC<ElMTC3^ SOGO 

«raciic<x«BMMMLKrnflqMMOM^ eiso 

G\i&TiTGiHHaOTja3viacmcccm& 0320 

CTCEMraUgCeCOgOXTftTCrTCQ^ 64 50 

XlCI^CCTTATITT&CMTC(3AAA<XaC^ TCTTT&TQGQC JO^A! rTOqO BT GqiiOOOCO&T BSBO 
TimTJTTC OQCGGTCTr^GACACAWrCACTGCACTrCOT CTG CTGTC 7C OCT CC ACTTT.'.VJ C^T~ < rT ?• 7 AAA 77, i'^TCTAA 7AACA7'; 77? ^CCTCTCTT'XTCCCTXCTOGGACIiaCTCTT 67 10 
ZiliTtif JX CC ACTATCAT ATTCCACTMGATDVTC'lU'nU CLUO" AGCCATAAAT*I\XTQTG^GA TX A7 ATC 7.- J7\ TTT^T .'G 777 77 ~77 7"-. 177 JATOJATTTCTAT^TTAAAOATTlTTC^jaAATO 0640 

TrXCJOTCCraACTAST^TrrAXTK^ '.o7. JAAT^rTAT'TCr JSO^CUTOxCCTGAJU CX ' riUTmiJ Q 6970 
it£3CA.OCrCAC^AjCACCTrACTOTTOVOUU7T C^0Ol^7^TATTCT^TT^QCTAAA0GAA<C^G?^A7^AAtl^^J.,A^^JGAA^ A777A0^ ASV7TTCA 7T 3CC X CTC Cri^A TC TTG7U3 OQICTOO: C1T 9100 

OHACX&AAAICOTTCACTAarcrCQTGGA^^ rjCTTTTACUUCCCTAATTCaATMaVTATOCT 9230 

TCCCOnTCOIXACAIATaCTa/nG^^ 7rgiTT^3XTTAACAA30G<gC37T7?vT^AACACTA l tUC13 USTSCCCXCTTQ 9360 

AG<XJTOCOCTI*TCarTAaCTACAO^^ 9490 

KTtAMXKIiia&mSQ^^ 9620 

(E3Tcax:occa3Taicric^TOT«^jci^o3coc^ 9702 
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Figure 19. Evaluation of uie binding of the OKT3huG2/G4 antibody co the high affinity FcyRI 
receptors on U93 7 cells. 




Figure 19. An IgG 02,04 antibody does not bind the human high affinity receptor for IgG 
JJ«yW)- Cells of die U937 line were incubated with the indicated concentrations of biotinyiated 
hlgG (Sigma) for 15 minutes at 4°C, washed, incubated with streptavidm-phycoerythrin (SA-PE) 
for 15 minutes at 4oC, washed, and then analyzed by flow cytometry using a Becton Dickenson 
FACS Calibur flow cytometer. The resulting binding curve (A) indicated (hat a concentration of 
approximately 2-4ng/mL biotinyiated hlgG was appropriate for further competition studies. 
U937 cell were incubated with 3.0ng/mL biotinyiated hlgG together with the indicated 
concentrations of competing antibodies for 30 minutes on ice, washed, incubated with SA-PE for 
15 minutes, washed, and then analyzed by flow cytometry (B). Preparations of mOKT3 (•), 
hlgGi (■) and hlgG, (A) efficiently blocked binding of the biotinyiated hlgGs to the target cells 
mdicating that they bound the FcyRI receptor. However, hIgG 2 antibodies (□), or a recombinant ' 
antibody generated using the hIgG G2 /o4 constant region (OKT3hG2/G4; (o) did not compete for 
binding to the FcyRI receptor on these cells. Binding of biotinyiated hlgG in the absence of 
competing antibody is indicated (+). 
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Figure 20. Evaluation of the binding of the OKT3huG2/G4 antibody to the low affinity FcyRII 
receptors onK562 cells. 




Mgure 20. An IgG gvg* antibody does not bind the human low affinity receptor for IgG 
(FcyRII). In order to reveal binding to low affinity Fc receptors, antibody preparations were first 
completed by incubation with equimolar concentrations of fluorescein isothiocyanate (FTTC)- 
labeled rabbit Fab'2 anti-human Fab '2 antibodies overnight at 4°C. Cells of the K562 line, 
which bear both allotypes of the human low affinity receptor for IgG (FcyRII), were incubated 
with the indicated concentrations of antibody complexes for 30 minutes on ice, washed, and 
analyzed for bound antibodies by flow cytometry using a Becton Dickenson FACS Calibur flow 
cytometer,. Human IgGi antibody complexes (©) demonstrated efficient binding to Ihe K562 
cells, while hIgG2 antibody complexes (m) demonstrated much lower levels of binding. Human 
XgG 4 (A ) and a recombinant antibody bearing an IgGo2/G4 constant region (OKT3huG2/G4 (□ )) 
formed antibody complexes that were unable to bind the low affinity FcyRII receptors on these 
cells. Binding of the FITC- rabbit Fab'2 anti-human Fab'2 antibodies alone is indicated (A), 
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Figure 21. Evaluation of me ability of the OKT3huG2/G4 antibody a> induce cytokine 
production in human PBL. 
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Figure 21. An IgG G2/G4 antibody directed against human CD3 demonstrates a reduced 
ability to induce cytokine production in peripheral blood leukocytes (PBL). Freshly isolated 
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human peripheral blood frw a panel of donors was enriched for the icukocyte fraction by Ficoll- 
Hypaque density sedimentation. The resulting PBL were incubated with the indicated 
concentrations of anti-CD3 antibodies bearing either a murine IgG2a constant region (OKT3) or 
a human IgGG2/G4 constant region (OKT3 hG2/G4). Supernatants were collected at 24 and 36 
hours and evaluated for the accumulation of TNF-a (A) and IL-2 (B) by sandwich ELIS A. The 
graphs shown represent the timepoint at which peak levels of a given cytokine were observed 
(e.g. 24 hours for IL-2 and 36 hours for TNF-a). The OKT3 antibody, which crosslinks T cell 
receptors on T cells through the binding of human FcyRI and FcyRII receptors , on accessory 
cells, induced potent levels of both cytokines. However, the recombinant antibody OKT3 
hG2/G4, which has the OKT3 variable regions and so is directed at the identical CD3 epsilon 
epitope as OKT3, but which has lost its ability to bind Fc receptors, was unable to stimulate the 
production of significant levels of these cytokines. 
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Figure 22. Evaluation of the ability of the OKT3huG2/G4 antibody V iiiduce the cell surface 
expression of CD25 and CD69 on human PBL. 
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i^ire 22. An igG G2 /G4 amtibody directed against Emman CB3 demonstrates a reduced 
ability to activate target T cells from human PBL. CD25 is the receptor for interleukin-2 ( TL- 
2) and its expression is upregulated on the surface of T cells activated through the T cell 
receptor complex. Similarly, CD69 is also an early T cell activation marker whose levels of 
expression mcrease upon T cell receptor engagement. Thus both markers serve as sensitive 
measures of T cell activation. Freshly isolated human peripheral blood from a panel of donors 
was enriched for the leukocyte fraction by Ficoll-Hypaque density sedimentation. The resulting 

~* were abated m the absence or presence of the indicated concentrations of anti-CD3 
antibodies bearing either a murine IgG2a constant region (OKT3; solid bars) or a human IeG 
o^04 constant region (OKT3hG2/G4; hatched bars). Cells were harvested at 24 hours washed, 
and mcubated with FITC-conjugated monoclonal antibodies specific for human CD25 and 
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human CD69 on ice for 30 ininutes. The cells were washed and analyzed for antibody binding 
by flow cytometry using a Becton Dickenson FACS Calibur flow cytometer. Data are shown for 
one representative donor, with the percentage of cells expressing CD25 (A) or CD69 (B) 
indicated. 
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